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PREFACE

This study report for the Tug Program is submitted by the _IcDonnell Douglas

Astronautics Company (MDAC) to the Government in partial response to Contract

Number NL_q8-29677.

The current results of this study contract are reported in eight volumes:

Volume 1 -- Su_uary, Program Option 1

Volume 2 -- SummarT, Program Option 2

Volume 3 -- Su-,nary, Program Option 3

These three suBmary volumes present the highlights of the comprehensive data

base _enerated by MDAC for evaluating each of the three program options, iaeh

volume summarizes the applicable option configuration definition, _a6 perform-

ance and capabilities, orbital and ground operations, programmatic and cost

considerations, and sensitivity studies. The material contained in these three

volumes is further s_zed in the Data Dump Overview Briefing Manual.

Volume h --Mission Accomplishment. (3 Books and 1 Supplement Bound

Together)

This volume contains mission accomplishment analysls for each of the three

progra_ options and includes the tug system performance, mission capture, and

fleet size analysis.

Volume 5 -- Systems (3 Books)

This volume presents the indepth design, ana].ysis, trade study, and sensitivity

technical data for each of the configuration options and each of the Tug systems

i.e., structures, thermal, avionics, and propulsion. Interface with the Shuttle

and _uE p_yloads for each of the three options is defined.



Volume 6- Operations (3 Books)

This volume presents the results of orbital and ground operations trades and

optimization studies for each option in the form of operations descriptions,

time lines, support requirements (GSE, manpower, networks, etc. ), and resultant

cos ts.

Volume 7 -- Safety (3 Books )

This volume contains safety information and data for the Tug Program.. Specific

safety design criteria applicable to each option are determined and potential

safety hazards common to all options are identified,

I Volume 8- Program_atics and Cost (3 Books) I

This volume contains summary material on Tug Program manufacture, facilities,

vehicle test, schedules, cost, project management SR&T, and risk assessment for

each option studied.

These volumes contain the data required for the three options which were

selected by the Government for this part of the study and are defined as:

A. Option 1 is a direct development program (I.0.C. : Dec 1979). I+.

emphasizes low DDT&E cost; the deployment requirement is 3500 _oun_s

into geosynchronous orbit, it does not have retrieval capability,

and it is designed for a 36-ho%%r mission. MDAC has also prepared

data for an alternative to Option i which deviates from certain

requirements to achieve the lowest practicable DDT&E cost.

B, Option 2 is also a direct development program (I.O.C. : 1983). It

emphasizes total program cost effectiveness in addition to low DDT_E

cost. The deployment requirement is 3500 pounds minimum into geosyn-

chronous orbit and 3500 pounds minimum retrieval from geosynchronous

orbl t.

.._+

Ce Option 3 is a phased development program (l.O.C. : 1979 phased to

I.O.C. 1983). It emphasizes minimum initial DDT&E cost and low total

program cost. The initial Tug capability will deploy a minimum of

iJ



3500 pounds into geosynchronous orbit without retrieval capability,

however, through phased developRent, it will acquire the added

capability to retrieve 2200 pounds from geosynchronous orbit. The

impact of increasing the retrieval capability to 3500 pounds is

also providSd.

V
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INTRODUCTION AND SUMMARY

This report contains detail programmatics and cost data, sensitivities, and

trades analyses pertinent to the Space Tug (Cryogenic) Program Option 3. This

option, a phased developed Tug with IOC in December 1979, provides initially

minimum performance capability but also emphasizes minimum initial DDT&E cost

with ability to grow in capability at low total program costs. The data

presented are organized in accordance with the Goverxnnent furnished outline.

Data covering the programmatic areas of schedules, vehicle testing, facilities,

manufacturing, and attendant costs are presented. The cost data are reported

in accordance with the basic requirements of Data Requirement Document No.

MF003M, dated 1 May 1971, as modified by study guidelines received from the

Gover_nent in the course of the study. Additional data are given in the areas

of program management plans and risk assessment.

Results of the Option 3 analyses indicate that this version of the Tug can be

developed within the study ground rules for a total DDT&E cost of $279 million,

$190 million for the Initial, and $89 million for the Final capability. The

peak annual funding requirement is $90 million occurring in Gover_nent fiscal

year 1981. Total production phase cost for an operational fleet of 5 Initial,

ii Final vehicles plus 9 auxiliary (kick)stages required to satisfy the flight

schedule, including contingency for expected reliability losses, totals

$275 million. Total operations phase cost, for a total of 366 flights is

$293 million, yielding an average cost per flight of $0.76 million for the

basic reusable Tug flight mode.



section1

SCHEDULES

This section presents schedules developed for the Tug Option 3 based on the

requirement for a nominal IOC i April 1980 (Increment I). The earliest ATP

for the DDT&E phase is October 1975. The schedules were derived by iterative

analysis of design and develollnent requirements for subsystems and the vehicle

main stage, test and evaluation requirements, manufacturing requirements and

production rate considerations, as well as operational flight schedule require-

ments and fleet size.

I. I SUMMARY SCHEDULE

The project summary schedule for Option 3 is shown in Figure i.i-i. It

features an ATP for the Phase C/D design development in October 1975. Required

supporting research and technology for the vehicle design is assumed to have

been initiated approximately eighteen months prior to project ATP. Design,

development, test and evaluation (DDT&E) requires 54 months up to the first

flight on i April 1980. This first flight is used to place an operational

payload in orbit, having only secondary test objectives associated with monitoring

critical subsystem functions by means of added test instrumentation. No dedicated

flight test is planned for this Tug option. Subsequent to the first flight, a

total of 366 mission flights will have been flown through 1990. 308 flights are

launched from ETR and 58 from WTR. (131 Increment I vehicle flights and

231 Increment II vehicle flights. )

Completion of Preliminary Design Review (PDR) is scheduled for March 1977 to

establish firm vehicle configurations. A Critical Design Review (CDR) will

be completed in January 1978 to assure that design requirements have been met.

The ground test program, described in detail in Section 2, will use subsystem

models for concept and design development and qualification. Qualification of

subsystems will be complete in January 1979, 39 months after ATP. Some level

test articles will be used in the ground test program for subsystem integration

and interface verification activities. Two Tug vehicles are required at IOC to

support the initial requirement of three flights in the first year of operation.

A total of 5 Increment I vehicles and ii Increment II vehicles are produced over

a period of 6.6 years. Included are 4 vehicles (i Increment I and 3 Increment II )

//



procuretl as contingency for expected reliability losses. Vehicles are

stored at the launch facility and used as required to support the flight

utilization schedule. (Reference Section Y.)

Table i.i-I identifies s_mbols and acronyms used on the summary schedule.
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Table 1.1-1

SPACE TUG PROJECT SCHEDULES LEGEND:

IIIIIIIii111

-

• -

A -

ATP --

DF

DTU -

IATU -

IVU --

PTV -

FO

LO

STV -

INCR -

INCREMENT I ACTIVITY

INCREMENT II ACTIVITY

OPERATIONAL LAUNCH

MILESTONE EVENT

SHIPMENT AND DELIVERY

AUTHORITY TO PROCEED

DEVELOPMENT FIXTURE

DYNAMICS TEST UNIT

INTEGRATED AVIONICS TEST UNIT

INTERFACE VERIFICATION UNIT

PROPULSION TEST VEHICLE

FLIGHT OPERATIONS

LAUNCH OPERATIONS

STRUCTU RE TEST VEH ICLE

INCREMENT



A logic network for Option 3 is provided in Figure 1.1-2 supplementing the

project smmnary schedule. This summary network was developed in consonance

with the work breakdown structure, the project sugary schedule and required

flight schedules. It contains a sufficient mmber of major milestones and

key events to insure satisfactory accounting of program requirements, inter-

relating activities and limiting constraints, The level of detail is governed

by the need to account for the key events and identify critical actions or

decision points. Event orientation and constreAnt lines indicate project

feasiblity and timely execution.

Depicted on the calendar-oriented network are design, develol_ment, test and

evaluation of the first flight vehicle, followed by delivery to the launch

site, Tug/payload mating, Tug/Shuttle mating and vehicle launch at IOC. Also

shown are the related events of procurement, ground support equipment, facilites

and tooling. Interface events locate delivery and/or receipt of major hardware

and software items critical to the project implementation. Vehicle deliveries

_o storage at the launch site, site activations at ETR and WTR, vehicle t_'n-

around, and initial launch of each vehicle are indicated in relation to the

flight profile requirements and refurbishment activity.

1.2 DEVELOPMENT SCHEDULES

Development schedules are presented in two forms: an overall development schedule

interrelating the various project element and test/evaluation activities; and

detail subsystem schedules.

1.2.1 Develo]xnent Schedule

Figure 1.2-1 is the planned overall develolment schedule for Tug Option 3. It

reflects major engineering development tests, qualification tests, ground sup-

port equipment (GSE) development, and software development. Main engine and

auxiliary kick stage requirements are reflected in the project summary schedule,

Figure 1.1-1. The scheduled activities reflect test planning requirements which

are described in detail in Section 2.

i. 2.2 Subsyst_n Schedules

Figures 1.2-2 through 1.2-20 provide development schedules for critical subsys-

tems of the vehicle main stage. The schedules are developed primarily at Level 5

of the WBS except for cr_tical avionics elements which are shown at Level 6.
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PERSONNEL

Test Management

Test Requirements
and Planning

1 M Engineer

Test Article Preparation

Test Fixture Design

Test Setup

• 5 M Engineer

Test Performance

1 M Engineer

Tear Down

Data Reduction

and Analysis

• 33 M_En_neer

Report Preparation

• 5 M Engineer

TOTAL MAN B:

REFURBISHMENT/REUSE VERIFICATION

ENGINEERING DEVELOPMENT FIXTURE

MAINTAINABILITY (M) EVALUATION

(PHASEDI'I_AL-OnIO_ _S)

MONTHS MANMONTHS TYPE PERSON_t_EL

I _:l_eer

0 0

0 0

1 0.5 •5 Engineer

3 3 • 1 Engineer

0

3

0

1 •33 Engineer

PERSOI_EL-CI._.

1Engineer

• Engineer

1 Engineer

m _eer

0.5 •5 Engineer 1 _ineer

5.5
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PROPULSION TEST VEHICLE

Personnel

Test Management

i Manager
0.5 Branch Manager

(Propellant Feed)

0.5 Branch Manager
(Fill & Drain)

O. 5 Branch Manager
(Vent-& Relief)

0.5 Branch Manager
(Pressurization)

O. 5 Branch Manager
(Pneumatics/TVC)

Test Requirements and

Planning

5 Propulsion Engineers
(Feed, F&D, V&R,

Press., Pneum/TVC)

0.5 Propulsion GSEEngr.
0.25 Electrical GSEEngr.

0.25 Instrumentation Engr.

Test Article Preparation

i Engineer
2 Technicians

i Engineer
2 Technicians

0.5 Engineers
i Technician

I Engineer
2 Technicians

0.5 Engineers
i Technician

2 Quality Control (Q.C.)

Feed

F&D

V_R

Press.

Pneu/TVC

Test Fixture Design

2 Engineers

Man m

Months Months

iT 59

{19 ( 6i

T _2

3 _2

h 8

Type

Personnel

3._ Engineers

6 Engine_ rs

4 Engineers
8 Techni :ians

2 b.C.

2 Engineers

Personnel-

Cumulative

3.5 Engineers

9.SEngineers

13 Engineers
8 Technicians

2 b.C.

15 Engineers
8 Technicians

2 b.C.

x



PROPULSION TEST VEHICLE (CONT'D) "

Personnel

Test Setup

1 Engineer
3 Technicians

1 Engineer
3 Technicians

1 Engineer

5 Technicians

2 Engineers
4 Technicians
3Q.C.

Test Performance

la2

LO 2

l_res 8.

Pneu/TVC

@SE

h Engineers
(See Test Art.

Prep.)
3 Engineers-Facility

15 Technicians

(See Test Setup)

1 Engineer _ Dat&

1 Techniclan | Acquisition

3Q.C.

Test Teardown

3 Engineers
i0 Technicians

1 Q.C.

Data Reduction and Analysis

5 Engineers

(Propulsion)

1 Engineer
(Data Acqulsltlon)

3 Engineering Ai_

Report Preparation

5 Engineers

TOTAL MAN-MONTgB:

Months

3

Cold Flow

(6) ,
(Firlng;

1

2

1

Cold Flow

(Firing)

Man- T_pe
Months Personnel

18

367

5 Engineers
15 Technicians
3 Q.c.

8 Engineers
16 Technicians

3 Q.C.

3 Engineers
I0 Technicians

i Q.c.

9 Engineers

5 Engineers

Personnel-

Cumulative

15 Engineers
15 Technicians

Q.c.

16 Engineers
16 Technicians

Q.C.

16 Engineers
16 Technicians

q.C.

16 Engineers
16 Technicians

Q.C.

16 Engineers
16 Technicians

Q.C.

• II .
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REFURBISHMENT/REUSE VERIFICATION

PROPULSION TEST VEHICLE

MAINTAINABILITY (M) EVALUATION

PERSOI_NEL bDNTHS

Test Management 0

Test Requirements • 5
and Planning

• 5 M Engineer

Test Article Preparation 0

Test Fixture Design 0

Test Setup ° 0

Test Performance" 0

Tear Down 0

Data Reduction 5

and Analysis

• 2 M Engineer

Report Preparation 1

•5 M Engineer

MANM011THS

0

.25

Tree

• 5 Engineer

0

0

0

0

0

1 .2 Engineer

.5 •5 Engineer

• 5 Engineer

•5 Engineer

.SEngineer

•7 Engineer

1.2 Engineer

TOTAL MAN MOI_THS: 1.75

reacts as observer only

v

I
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INTEGRATED AVIONICS TEST_IT

PERSONNEL

Test Management

I. 0 Manager

O. 5 Branch Manager
(Data Mgmt Assy)

0.5 Branch Manager
(Guid. ,Nay. & Cont. )

O. 5 Branch Manager

(Communications)

0.5 Branch Manager

(Instrument ation )

0.5 Branch Manager
(P_r & Distribution)

0.5 Branch Manager
(_E)

Test Requirements and

Planning

1 DMAEngineer

1 _&C Engineer
1 Comm. Engineer

1 Instr. Engineer
1 Pwr & Dist. Engineer

1 GSE Engineer

Test

2

2

3

Art icle Preparation

_4A Engineers
GN&C Engineers
Comm. Engineers

1 Instr. Engineer

2 Fwr & Dist. Engineer

1 GSE Engineer

1 Propulsion Engineer
12 Electronic Technicians

1 Mechanical Technician

7 Quality Control (Q.C.)

Test Fixture Design

Engineers

MONTHS MAN_._NTHS TYPE PERSONI_TEL
,,, J

3_ 136 _ Engineers

8

6 192

Test Setup

3.5 Elect Engineers
0.5 Prop. Engineers
12 Elect. Technicians

3 Mech. Technicians

2 Q.c.

8_

PERSOI_EL-CUM.

Engineers

56 7 Engineers 11 Engineers

12 Engineers

13 Technicians

7Q.C.

h Engineers

4 Engineers
15 Technicians

2q.C.

12 E_inee_

13 Technicians

7Q.C.

16 Engineers
13 Technicians

7 Q.c.

16 Engineers

15 Technicians

7 Q,C.



INTEGRATED AVIONICS TEST UNIT

(Continued)

PERSONNEL _.DNT|{S _'taJIMONTHS

Test Performance

7 Elect. Engineers

9.Elect. Technicians

i Mech. Technician

2q.C.

15 285

Test Teardown

1.25 Elect Engineers

0.75 Prop. Engineers
6 Elect. Technicians

1 Mech. Technician

1 q.c.

2 20

Data Reduction and

Analysis

ii Elect. Engineers

(See Test Art. Prep.)

4 Engrg. Assts.

6 9O

Report Preparation

7 Engineers

(See Test Rqmts & Plng)

1 7

TYPE PERSONNEL

7 Engineers

i0 Technicians

2q.C.

2 Engineez s

7 Technic_ ans

i q.C.

15 Engineers

7 Engineers

PERSOI_EL-CUM.

16 Engineers

15 Technicians

7 Q.C.

16 Engineers

15 Technicians

7Q.C.

16 Engineers

15 Technicians

7 q.C.

16 Engineers

15 Technicians

7 Q.C.

--J

TOTAL MANMONTHS: 886



L

_j-

_ ,
I¢%

m

/

4

- !

I .



REFURBISHMENT/REUSE VERIFICATION

INTEGRATED AVIONICS TEST UNIT

MAINTAINABILITY (M) EVALUATION

(PHASED FINAL -- OPTION 3

PERSOh_EL
i

Test Management

Test Requirements
and Planning

•5 M Engineer

Test Article Preparatiom

Test Fixture Design

Test Setup m

Test Performance e

Tear Down

Data Reduction and

_slysis

• 2 M En_neer

Report Preparation

_NTHS MANMONTHS
i

0 0

O 0

0 0

O. 0

"-0 0

5 i'

1 0.5

TYPE PERSONNEL

•5 Engineer'

.2 Engineer

• 5 Engineer

• 5 M Engineer

PERSO_EI,-CtN.

•5 Engineer

• 5 Engineer

• 5 Engineer

1.2 Ens:l.neers

TOTAL MAN _:

°Acts as observer _IT
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FLIGHT CONTROL SIMULATION

(Deployment and Retrieval Capability)

PERSONNEL

Test Mana6emen%

(in IATU)

_K)NTIIS I.L_/_MONTHS

Test Requirements

and Planning

(in _Tu)

Test Article Preparation

(in IATU)

Test Fixture Design/

Facility Preparation/

Test Setup

2 Engineers
1.5 Technicians

6 21

Test Performance

Software & I. 5 EnEr

Simulation Dev

InteE. & C/O 3.5 Engr

i. 5 Teeh

Test h Engr
3 Teeh

6 9

_0

h3
Test Teardown

(in Test Performance)

Data Reduction and

Analysis

2 Engineers

8

Report Preparation

(in IATU)

TOTAL MAHHOURS: 72

2 Engineers

1.5 Technicians

i. 5 Engineers

3.5 Engineers

i. 5 Technicians

h Engineers

3 Technicians

2 Engineers

PERSOIF,{EL-CUM.

2 Engineers

1.5 Technicians

Engineers

3 Technicians

h Engineers
3 Technicians

q
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T_mRMAL TEST

(Conducted in High Vacuum Test Facility [h557., _FC)

PERSON;_EL MONTHS Mm_I_HS

Test Management

1 Manager

27 27

Test Requirements

and Planning
2 Therm. Analysts

2 Therm. Test Engineers

i Instrumentation Engineer

0.5 Propulsion Engineer

0.5 Elect. Engineer

8 _8

Test Article Preparation

2 Therm. Engineers
1 Instrumentation Engineer

0.5 Propulsion Engineer

0.5 Elect. Engineer
6 Technicians

2Q.C.

_8

Test Fixture Design 5 5

1 Engineer

Test Facility Preparation/

Test Setup

5 65

i Therra. Engineer

i Instrumentation Engineer

i Data Engineer

0.5 Propulsion Engineer
0.5 Elect. Engineer
7 Technicians

2Q.c.

Test Performance 3 _5

2 Therm. Engineers

1 Propulsion Engineer

1 Elect. Engineer

1 Instrumentation Engineer

1 Data Engineer
8 Technicians

_Q.c.

TYPE PERSONNEL

1 Engineer

6Engineers

h Engineers
6 Technicians

2Q.C.

1 Engineer

h Engineers

7 Technicians
2Q.C.

6 Engineers

8 Technicians

2 Q.C.

PERSOI_EL-CUM.

1 Engineer

7 Engineers

7 Engineers
6 Technicians

2 Q.C.

9 Engineers
6 Technicians

2 Q..C.

I0 Engineers
7 Technicians

2 Q.c.

i0 Engineers
8 Technicians

2Q.C.



TKERMAL TEST

( Cont. )

(Conducted in High Vacuum Test Facility

3 3_.5

0.5 Therm. Engineer

1 Elect. Engineer

1 Instrumentation Engineer
8 Technicians

2Q.C.

Data Reduction and

Analysis

(Same as Planning)

+1 Data Engineer
2 Technicians

6

Report Preparations

(Same as Planning)

1 6

TYPE PERSOnnEL

2.5 Engineers

8 Technicians

2 Q.C.

7 Engineers
2 Technicians

6 Engineers

PERSONNEL-CUM..

10 Engineers
8 Technicians

2Q.C.

i0 E_ineers

9 Technici_s

2Q.C.

i0 Engineers

9 Technicians

2 Q.C.

I

TOTAL MABMONTHS: 332.5
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ELECTROMAGNETIC COMPATIBILITY

(FLIGHT TEST ARTICLE - MANUFACTURING SITE)

PERSONNEL

Tes_ Management

1 Manager

Test Requirements

and Planning

1 EMC Engineer

0.5 DKA Engr

0.5 GN&C Engr

0.5 Comm. Engr

0.5 Instr. Engr

0.5 Pwr and Dist Engr

O.5 GSE Engr

Test Article

Preparation

1 EMC Engineer

0.25 DMA Engr

0.25 _;&C Engr

0.25 Comm. Engr

0.5 Instr. Engr

0.25 P_T and Dist Engr

0.25 GSE Engr

3 Technicians

2q.C.

Test Fixture Design

1 Engineer

Test Setup

1 EMC Engr

3 Technicians

IQ.C.

Test Performance

2 EMC Engineers

3 Technicians

1Q.C.

Test Teardovn

1 EMC Engineer
3 Technicians

lq.C.

q.

_.DNTHS M_I.D:_HS TYPE PERSONNEL

8.5 8.5 1 Engineer

M 16 h Engineers

O. 5 3.875 2.75 -Engineers

3 Technicians

2q.C.

2 2 1 Engineer

0.25 1.25

1 6

0.25 1.25

1 Engineer

3 Technicians

IQ.C.

2 Engineers

3 Technicians

1 q.C.

1 Engineer

3 Technicians

1Q.C.

PERSOI_EL_Ct_.

1Eaglneer

5 Engineers

5 Engineers

3 Technicians

2 q.C.

6 Engineers

3 Technicians

2 q.C.

6 Engineers

3 Technicians

2q.C.

6 Engineers

3 Technicians

2Q.C.

6 Engineers

3 Technicians

2q.C.



ELECTROMAG_ETI C COMPATIBILITY

(_G_TESTARTI_ -_/FACTUR_GS_)

PERSONNEL

Data Reduction

and Analysis

2.75 Engineers
(See Test Art. Prep.)

1 Data Er_rE Engr
1 Data Technician

_._NTHS M_I_THS

2 9.5

TYPE PERSONNEL

3.75 Englueers •
i Technician

Report Preparation Engineers

Engineers
(See Test Requirements
and Planning)

P RSO   F -Clm.
7 Engineers
4 Technicians

2Q.C.

7 Engineers
Technicians

20..C.

...J

'I_AL _ )loRrl_: 52.375





ELECTROMAGNETIC COMPATIBILITY

(_ D_ 'lUG - LAU_ClI SITES)

• "t

PERSONNEL
i

Test Management

1 Manager

I,DNTil8 MNIH01_THS TYPE PER_NIIEL
i

3 3 1 Engineer

°

PERSOImEL-C_4.

1 Engineer

Test Requirements

and Planning

1 EMC Engineer
0.5 DMA Engr

0.5 GN&C Engr

0.5 Coma. Engr

O. 5 Instr. Engr

O. 5 Pvr and Dist Eagr
0.5 GSE Engr

Test Article

Preparation

1 EMC Engineer
0.25 D._ Engr
0.25 GN&C Engr

0.25 Comm. Engr
0.5 Instr. Engr
0.25 _ and Dlst EmSt

0.25 GSE Engr
3 Technicie_s

2Q.c.

Test Fixture Design

1 Engineer

Test Setup

I EMC Engr

3 Technicians

iQ.c.

Test Performance

2 EMC Engineers
3 Technicians

IQ.c.

Test Teardown

1 EMC Engineer
3 Technicians

lq.C.

0 0 (In Mfg Si_e

Planniag)

0.5 3°875

0.25 0.25

0.25

0.5 3

0.2_;

.o

1.25

°..

z.2_

2.75 Engineers

3 Technic ,arts
2 q.c.

1 Engineer

1 Engineer

3 Technicians

1 Q.C.

2 Engineers
3 Technicians
1 @.0.

1 Engineer

3 Technicians

i q.c.

1 Engineers

3.75 Engineers

3 Technicians

2Q.C.

_.75 Engineers

3 Technicians

2 q.C.

_.75Engineers
3 Technicians

2 Q.c.

4.75Engineers

3 Technicians

2 Q.C.

•75 Engineers
3 Technicians

2Q.C.



ELECTROMAGI[ETIC COMPATIBILITY

(FIRST DELIVERED TUG - LAUNCH SITES)

I

PERSONNEL

Data Reduction

and Analysis

2.75 Engineers

(See Test Art. Prep.) "

1 Da_a Engrg Engr
1 Data Technician

Report Prepara.tion

r.DNT}IS MA_)DNTHS TYPE PERSONI/EL
r

1 h.75 3.75 Engineers

1 Technician

Engineers

"(See Test Requirements
and Planning)

i h _ Engineers

PERSOI_; EL-CUM.

5.75 Engineers
h Technicians

2 q.C.

5.75 Engineers

h Technicians

2 Q.C.

TOTAL MA_ MONTRB: 21.375

I
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PERSONNEL
|

REF_RBISHM_;T/REUSE VERIFICATION

(FLIGHT "TEST ARTICLE - ETR )

MAEn_;_._ C_ PROCmXmE EVALUATIO_

(PHASED FINAL--- OPTION 3S)

e_

Z.DNTHS MAN_.DTfHS TYPE PE_RSONNEL_

f

Test Management

1 Supervision

Test Requirements
and Planning

l_Engineer - Avionics
l_Engineer - Propulsion
l_Engineer - Struct/Mech

Test Article Preparation

Test Fixture Design

"Test Setup

l_Engineer - Avionics

l_Engineer - Propulsion
l_Engineer - Struct/M_ch

Test Performance

l_Engineer - Avionics

l_Engineer - Propulsion
l_Engineer - Struct/Meeh
2 Technicians - Avionics

2 Technicians - Propulsion
2 Technicians - Struct/Mech

3Quality Control

Tear Down

Data Reduction

and Anslysi s

l_Engineer - Aviomics

1 M Engineer - Propulsion
l_Englneer - Struct/_ch

Report Preparation

l_Engineer - Avionics
l_Engineer - PTopuls_on
l_Engineer - Struct/Mech

TOTAL MA_MO_S:

2.5 2.5 i Engi=eer

1 3 3Engineers

0 0

0 0

• 5 1

0.5

o.5

2E_ineer

,., 3E_ineer
6 Technicians

3 q.C.

0

1.5 3 Engine/_rs

1.5 3 Engineers

15.5

1Engineer

4 Engineers

b Engineers

h Engineers
6 Technicians

3 R.C.

h Engineers
6 Technicians

3 q.C.

Engineers

6 Technicians

3 q.C.
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REFURBISF_.,'_{T/R£U_E %_RIFICATION

FLIGHT T2.ST ARTICLE (ZTR)

MAI_TA_AB!L'TY t:,) DE:'.ONSTRATION

(P_ASED FINAL -- Oi_TION 3 S)

PERSONNEL _DI_THS

Test Management 0

Test Requirements 1

and Plan_/ng

1 M Engineer

Test Article Preparation 0

Test Fixture Design 0

Test Setup 1

•5 M Engineer

Test PezTormea_e O. 5

1 M Engineer

Tear Down

Data Reduction

and Analysis

1 M Engineer

Report Preparation

• 7_ M Engineer

0

1"

TYPE PERSO._n_EL

1 E_ineer

0

0

0.5

O.5

• 5 Engineer

I Engineer

0

1

2

0

1

1.5 • 75 Engineer

J

1 EngSneer

1 Engineer

1 EnglMer

1 Engineer

TOTAL MAN MONTHS:
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FLIGHT TEST OPERATIOI_S

(Conducted Concurrently with Operational Flights -- Phased Final)

(i FLI  r)

PERSONNEL

Flight Test Planning

2 Elec. Engineers

2 Prop. EnKineers

i Struct./Mech. Engineer

i Therm.odynamics Engineer

1 Effectiveness Engrg Engr

2 Project Engineers

Launch Operations Support

(WBS 32C-09/10)

Flight Operations Support

(WBS 32C-ll/Z2)

Flight Test Operations

Support

2 Elect. Engineers

2 Prop. Engineers

i Struct./Mech. Engineer

i Thermodynamics Engineer

i Project Engineer

Data Analysis and Evaluation 2

9 Engineers

(See Flt. Test Plng.)

3 Data Acquisition Engrs

2 Data Acquisition Techs

_DNTHS _taJ_I.DNTHS TYPE PERSONNEL

M 36 9 Engineers

h 0_-

0.25 0--

h.25 30"

304---

6 Engineers

PERSOIFJEL-CUM.

Repor_ Preparation

9 Engineers

(See Fit. Test Ping.)

TOTAL M_/_HOURS:

9 Engineers

9 Engineers

28 14 Engineers 12 Engineers

2 Technicians 2 Technicians

1 9 9 Engineers

103

12 Engineers

2 Technicians

Instrumentation: $i00,000 = 0.006 vehicle cost

7._/g.3



d. 6 /_,ALYSIS OF TEST PROGRAM

_emcnts of a test program normally include:

Suppor_in_ Research and Technology (SR&T)

Development and qualification testing of the lower hardware assembly

levels, i.e., parts, components, subassemblies, and assemblies

Reliability testing of selected items

Repairability/maintainability testing at the Line Replaceable Unit (LRU)

level

Development, qualification, maintenance, and maintainability testing of

major or vehicle level test articles

Acceptance testing of the lower level hardware

Acceptance testing of the completed Tug : .....

Prelaunch testing ., . ...............

.Flight testing of the completed CEI

For purposes of this study, these elements have been organized into their

associated operational areas.

2.6.1 Supporting Research and Technology (SR&T) _

Depending upon the option,some subsystems require preceding SR&T. The testing

program is based, however, upon the assumption that all required SR&T is completed

prior to ATP of the Tug Phase C-D. Therefore, SR&T discussions are found in

Section 8, Volume 5, and Section i0, Volume 8.

2.6.2 Development and qualification Testing

This testing is accounted for at two levels; components and assemblies, and

vehicle test.

i

2.6.2.1 Component and Assembly Testing

A goal in this study was to identify as many of the selected components as

possible which could be qualified to Tug requirements by means other than

testing, i.e.,

A - Analysis

I - Inspection

D - Demonstration

S - Simulation

For those items, identifiable in a conceptual study, achievement of that goal

has been reached.



J

The bulk of the test program is comprised in this activity, and properly so.

When assembly reaches this level, it is Tapproaching, or has become, the Space

Tug. This is the first time the lower level hardware has been assembled into

the Tug conflKuratlon. This is where true Tug development takes place. Dis-

cusslon of test hardware and operations is located in Section 2.1 and 2.3,

respectively. The test programs have been formulated to comply with Tug

program requirements of minimum/low DDT&E, demonstrate reusability, etc. It

is always possible that less testing can be performed. But it is also a

fact of product development life that as the activity which proves that the

design/manufacturing process meets _he design requirements, i.e., test, is

lowered, the risk that the product will perform as required raises. Another

view is that as dollars are shoved out of development, ".hey pop up in

operations. There is, therefore, a cross over point where further reductions

in development/qualification costs are r.ot sound reductions. At the level

of design definition available from a conceptual study, the test progrs_

described in the foregoing sections reflect an a_equate balance between

technical assurance and budgetary limitations.

2.6.3 Reliability Testin_

As a result of the component selection process, reliability analyses, develop-

ment and qualification test design,and cost limitations no specific reliability

testing is identified for this option.

2.6. h ReusabilitM Demonstration

Demonstration of the reusability of the Space Tug, and therefore the components

of which it consists, bears close resemblance to that of any reusable equipment.

Such a d_nonstration really spans three separate but allied activities: the

overall design/test philosophy; component/subassembly Level development and

qualification testing; and repairability/maintainability testing at all levels

of assembly.

2.6. h.i Design/Test Philosophy

This is a combination of four approaches and is discussed in Section 2.3.

2.6. h.2 Component Testing

Where applicable,critical test conditions or environments are imposed in

accelerated life modes or in repeated cycles to assure their survivability

within the limits to be speciIied.

Z-Y /



.... s _esting is commenced early in the program at the component level on the

bench and carried through the program utilizing the development fixture,

.%n,_ propulsion test vehicle, the Inte_atea Avionics Test Unit, ana

_he flight test article. The activity is designed to a_sure the

repairability/maintainability of the Jine replaceable hardware,

accessibility of LRUs within the Tug design and adequacy and effectiveness of

procedures, The latter is accomplished first in the development mode by the

contractor, followed in the operational test and evaluation mode by the

customer.

2.6.5 Acceptance Testing

Items/acquired from vendors and subcontractors will be conducted at their

._acilities under MDAC and customer Q.C. direction. Post manufacturir_
,/Y

/ acceptance testing of the completed CEI will be conducted inthe Vehicle

Checkout Laboratory (VCL) at MDAC, Huntington Beach. These activities are

discussed in Section 4.

2.6.6 Prelaunch Testin_

This testing consists of receivir_ inspections, pre and post mate tests _

(both spacecraft and orbiter), propellant loading preparations, launch

readiness tests and maintenance/refurbishment checkouts. These tests have

been formulated to blend within launch site operations procedures, Tug/

Spacecraft and Tug/Orbiter interface compatibility, maximum reuse capability,

and cost constraints. The activity is discussed in Section 11.3, Volume 6.

2.6.7 Flisht Testlng

Flight testing has been held to a minimum in terms of engineering information

acquisition and of cost. Maximum use must be made of _round test results

through analysis emphasizinE flight application. Identified fli6ht test

objectives are concentrated on those subsystem operations specifically

affected by a zero-g environment. Satisfaction of these obJective9eoupled

with the analyses of ground test results will assure verification of the

Tug's capability to accomplish assignee missions within the mission envelope,

to be specified, ofperformance and time requirements. While the objectives

are not considered of minor significance, the flight tests can be flown on

spacecraft-carrying flights, which is beneficial from _ cost standpoint.

In addition to the subsystem oriented flight test objectives, one further

mission objective is associated with the egress-ingress maneuver , i.e.,

getting the Tug and its spacecraft out of and back into the orbiter cargo

-bay. This obJective,the subsystem objectives, and the flight tes_ require-

men_s are discussed in Section 2._. _l_ '



'._._s testing is commencedearly in the program at the component level on the

bench and carried through the program utilizing the develolxnent fixture,

.the propulsion test vehicle, the Integrated Avionics Test Unit, and

the fligh_ test article. The activity is designed to assure the

repairability/maintainability of the J ine replaceable hardware,

accessibility of LRUs within the Tug design and adequacy and effectiveness of ....

procedures. The latter is acc_plished first in the development mode by the '

contractor, folloved in the operational test and evaluation mode by the

customer.

2.6.5 Acceptance Testing

Items acquired from vendors and subcontractors viii be Conducted at their

facilities under I,_XAC and customer Q.C. direction. Post manufacturir_

acceptance testing of the completed CEI viii be conducted in the Vehicle

Checkout Laboratory (VCL) at MDAC, Huntington Beach. These activities are

discussed in Section _.

2.6.6 Prelaunch Testing

This testing consists of receiving inspections, pre and post mate tests

(both spacecraft and orbiter), propellant loading preparations, launch

readiness tests and maintenance/refurbishment checkouts. These tests have

been formulated to blend within launch site operations procedures, Tug/

Spacecraft and Tug/Orbiter interface compatibility, maximum reuse capability,

and cost constraints. The activity is discussed in Section 11.3, Volume 6.

2.6.7 Flight Testing

Flight testing has been held to a minimum in terms of engineering information

acquisition and of cost. Maximum use must be made of ground test results

through analysis emphasizing flight application. Identified flight test

objectives are concentrated on those subsystem operations specifically

affected by a zero-g enviror_nent. Satisfaction of these obJective_coupled

with the analyses of ground test results will assure verification of the

Tug's capability to accomplish assigned missions within the mission envelope ,

to be specified, of performance and time requirements. While the objectives

are not considered of minor significance, the flight tests can be flown on

spacecraft-carrying flights, vhich is beneficial from a cost standpoint."

In addition to the subsystem oriented flight test objectives, one further

mission objective is associated with the egress-ingress maneuver , i.e.,

getting the Tug and its spacecraft out of and back into the orbiter cargo

-bay. This objective, the subsystem objectives, and the flight test require-

ments are discussed in Section 2._. _-_[(_7/



Section 3

FACILITIES PLAN

The requirements developed by operations analysis in the areas of manufacturing,

test, integration, C/O, launch, recovery, refurbishment, and storage were

matched against existing, modified, and new facilities on the basis of avail-

ability, compatibility, and cost.

It was determined that facilities are not configuration sensitive; cost is

not a determinate factor in selection; existing facilities can be utilized

for most requirements; and horizontal mating is a preferred method.

3.1 MANUFACTURING FACILITIES

Manufacture and checkout of the Space Tug will be accomplished at the McDonnell

Douglas Astronautics Company, Huntington Beach, California, facility.

The Huntington Beach facility was planned and designed from inception to provide

fully integrated facility capabilities for space vehicles. Its buildingscon-

sist of engineering and administration offices, a Systems Integration Laboratory,

Structural Test Laboratory, Space Simulation Laboratory, Production Test

Laboratory, Manufacturing and Assembly Building, Insulation Building, Final

Assembly,and Checkout Building, and other service and support buildings.

Maximum utilization will be made of the existing IdDAC and govermment owned

facilities used onthe Saturn SIVB Orbital Workshop and other programs in

the development and production of the Space Tug. This will include but not

be limited to such MDAC facilities as the existing machine shops, sheet metal

shops, process shops, electrical/electronic fabrication and assembly, and

supporting inspection and test laboratories.

A preliminary list of additional facility requirements identified at this time,

for each of the configurations are shown in Table 3.1-i along with ROMcost

and procurement lead time estimates also shown in Volume 6, Book 3, Section 11.5

and in Section 4.3 of this book.

3.2 TEST FACILITIES

Production testing (and checkout) will be done at Huntington Beach in existing

_aboratories of the McDonnell Douglas Astronautics Company facilities. These

3-/
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laboratories, designed and used for space vehicles, will require little or

no modification for use in the Space Tug Program.

Vehicle PTV tests will be conducted in test cell J4 of the AEDC facility at

Tullahoma. Test cell J4 provides an altitude simulation capability lacking

in the test facilities at Huntsville. Thermal tests 0fthevehicle will be

accomplished in the NASA High Vacuum facility utilizing an existing scaled

down and instrumented tank that will fit the 15 foot diameter chamber. These

government facilities are available at no cost or at a nominal fee depending

on the using agency (see Table 3.1-1 ). See al_o Volume 6, Book 3, Section 11.5.1

and Section 2 of this book.

3.3 OPERATIONS FACILITIES

The requirement for Tug launch facilities at ETR will be satisfied with con-

struction of one new building, bymodification and refurbishment of existing

buildings and by use of Orbiter facilities that can be expanded or adapted

to include Tug service.
i

At _R,construction of a new Payload Processing facility together with use of

programmed Shuttle facilities expanded to satisfy Tug needs will provide the

support required. A tabulation of these facilities' status and cost is

presented in Table 3.3-1. Additional information is av_ilable in Volume 6,

Book 3, Sections 11.5.2 and 11.5,3.

New construction and modification to existing buildings (_the first three items

of Table 3.3-1) is shown in Tables 3.3-3 and 3.3-4. i

3.4 IMPACT OF OPTION SENSITIVITIES i

o Configuration and programmatic sensitivities for the Final Tug to retrieve

>_3500 ib from geosynchronous will not impact facilities.

o Programmatic sensitivity to delay both Initial and Fin@l Tug IOC dates two

years (December 31, 1981 to 1985) are reflected in facility schedules dis-

cussed, in Section 1.7 of this book.

3-% i



Section h

VEHICLE _d_rFACTURING

The vehicle manufacturing plan of the Space Tug initial configuration and final

configuration (see Figure 4-1 & 4-2) contains the Space Tug manufacturing

support of the DDT&E requirements, the Space Tug production manufacturing plan,

including Peak Rate charts, Manufacturing Flow Plans, tooling required to manu-

facture the Space Tug per the prescribed rate and the facilities that will be

required to accomplish the task. Also included in this section are the problem

areas, special processes required, smmnary analysis and manufacturing philos-

ophy engendered into the manufacturing plan. The impact of the options and the

sensitivity to these options are delineated in this section. Factory GSE lists

have been made and are also included.

4.1 PLAN/FLOW/TIME

The manufacturing plan/flow/time elements used for the manufacture of the Space

Tug are based on the following key factors:

Low Production requirements

Low DDT&E costs, with ability to grow

Low Production Manufacturing Costs

Low Early Year Funding

Low Manufacturing Rate Requirement

Test Article Requirements Support

Utilization of existing Capital F_luipment, GSE, and facilities

High Reliability and Reuseable requirements of the Space Tug.

Phased Manufacturing Capability Initial Configuration to

Final Configuration

The above noted key factors were considered and incorporated into the Manufac-

turing plan with the principal motivating factors being the high reliability,

reuseability and manufacturing phasing requirement.

_.i.i Manufacturin 6 Requ%rements

This section has been divided into two parts toseparate _hemanufacturing

requirements for major test articles from those needed for the production of

flight articles. No dedicated flight test articles are planned for this

program. Schedule requirements for the major test articles are presented in





< <

8_ _3



Section 1.2. Wherever practical or feasible from a schedule standpoint,

manufactured test components will be fabricated during tool _roofing to provide

lower program cost, reduce Planning effort, provide a greate_ lead time, and

reduce Tooling setup times for test components.

4.I.i.i Major Test Articles

A. Structural Test Articles

Manufacturing will support the development testing and the qualifi-

cation testing of structural test hardware by producing one tank set

for each of three tests. A tank set consists of _n LO 2 tank and an

LH 2 tank, as the structural test article is not tested as an

assembled entity. Two tank sets will be used during development

testing, one for the hydrostatic pressure cycle and one for the hydro-

static pressure burst test. One set of weldment/Joining Joints will

also be produced for development testing.

The third tank set produced will be used for qualification testing

during a hydrostatic pressure cycle. One body str_cture, a thrust

structure, and a set of support elements will be produced by

manufacturing for qualification testing under static loads: axial,

shear and bending. One set of Joints will be manufactured also

for qualification testing of compression and bending under static

loads.

Be Propulsion Test Vehicle (PTV)

Hardware produced by manufacturing for the PT_ test includes one each

of the following articles: main engine support assembly, structures

assembly, interface panel assembly, purge provisions assembly, abort

provisions assembly, and one set of electrical and propulsion GSE.

The main engine will be GFE for this test. As a cost reduction

consideration the LO 2 and the LH 2 tank used in this test will be the

previously fabricated Tooling Proof tanks developed to "prove and

complete" the tooling required in tank manufacture. Cost savings to

the program by using these tanks is consistent with MDAC's policy

of low cost and high reliability. Use of these existing tanks is
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reflected in the hardware usages schedule for the time-phased

production of test articles.

Although the PTV is not a true Space Tug vehicle, being used only to

develop and qualify the main engine support assembly and associated

interfaces, t_e components which comprise the PTV will be of produc-

tion quality to assure that components and interfaces function within

the specified limits. The propellant tanks will be fabricated and

assembled on production tooling, but will not have the tapered or

chemical milled skins used for regular "flight weight" tanks.

Integrated Avionics Test Unit (UATU)

Items of test hardware produced to support the IATU test include one

avionics subsystem "set" plus spare equivalencies; one set of inter-

facing hardware (sensors, valves) from such typical subsystems as

thermal control, propulsion, and orbiter interface; and one set of

electronic GSE and associated software. Associate contractors will

supply, in addition, interface verification units for such systems

as spacecraft, orbiter, and launch processing. Components comprising

this IATUwill be of flight production Tug quality, with complete

qualification of parts at the component level to assure functional

integrity.

Flight Control Simulation (Deployment & Retrieval)

Test hardware includes the GN&C subsystem set plus one set of

rendezvous, docking and tracking electronics. Simulation will be

provided in the On-Line Subsystem Facility (OLSF) at Huntington

Beach.

Thermal Protection Test

An existing, MSFC-owned, scaled LH 2 tank will be shipped to MDAC for

test preparation and for the installation of thermal protection insu-

lation and instrumentation. The tank will be returned to MSFC for

test in their High Vacutm Test Facility. MDAC manufacturing will

provide one set of scaled Tug thermal protection for the test and

install one set of thermal instrumentation.



Fo Flight Support Equipment (FS_)

For the Tug/Orbiter FSE with an Interface Verification Unit (IVU),

manufacturing will provide: one tilt table, two fluid/electrical

interface p_els, one abort dum_) interface panel, and one electrical

interface panel. Special test equipment will also be provideu _o

effect zero g mass bals_icin_, of the Imrdware und__r test.

Interfaces identified are those between associate contractor hard-

ware or customer hardware. Interface hardware furnished to MDAC

by an associate contractor for the iVU will be controlled to assure

functional fit and alignment bv interface master tooling,. This

master will be produced, controlled and maintained by _tDAC to exact

specifications, and supplied to the associate contractor for inter-

face control.

4.1.1.2 Flil,ht Articles

!iI_ACdoes not nlan to provide dedicated flight test articles, as the high

reliability and reusability stressed in the initial design, and proven in

development tests, will assure flight-worthy hardware. Sixteen flight vehicles

will be produced by manufacturing. Five of these flight vehicles will be of

the initial configuration and eleven final configurations. These flight vehicles

will meet the mission accomplislmlent requirements outlined in Volume &, _ook 3,

Section 2. Manufacture of the flight articles is described in Section 4.1.2,

together with the production flow for test, integration, insulation and checkout.



4.1.2 ManufacturinK Schedule and Flow

The manufacturing schedule is based on the Production Schedule, shown'in

Section 1.3, which is the basis also for the manufacturing flow charts, lead

time set-back charts, and first tool usage requirements.

The manufacturing flow schedule shown in Figures 4-3 and 4-4 begins with En-

gineering design effort at ATP, and defines the sequence of activities by

Procurement, Planning., Tooling and Manufacturing through detail fabrication,

subassembly and assembly, integration and installation, through final checkout

and preparation for shipment. Major inspection points such as proof and leak

check are also shown in this chart.

•The Peak Rate Tree Chart presented in Figure 4-5 shows both detailed manufactur-

ing steps and the units in flow at peak production rate. This chart is the key

document that establishes individual unit timing and line •position during peak

manufacturing rate, and was established by analyzing both tooling and machinery

capabilities and the elapsed hours required to maintain a full line at peak

rate. Nhen these data are organized into a logical work flow plan, the result-

ing chart establishes the baseline for manufacturing buildup and factory output

to support NASA delivery milestones.

Additional detailed manufacturing sequence flow charts are contained in the

Manufacturing Plan which follows in Section 4.1.3. Purchased components and

fabricated details are shown in sequence of manufacture frcJnrawmaterial through

various stages of processing and assembly to the final checkout position.
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)_.i.3 Manufacturing P]an

The manufacturing plan outlined in this section is structured as follows:

• Fabrication and Subassembly (structures) plan and Flow Plans.

• Tank Bonding and Insulation plan and Flow Plans

• Final Assembly and Final Joining Plan and Flcn,- Plans

• Propulsion Fabricat:ion and Subassembly Plan and Flow Plans

• Avionics Fabrication and Subassembly Plan and Flow Plans.

@ Production Accentance _ -_e.,t Plan

A descriptive narrative of the manufacturing approach for each of the above

noted manufacturing tasks and the manufacturing flow plans are delineated in

the following sections and in the same numerical order above.

h.l.3.1 Fabrication and Subassembly Plan (Structures)

_le fabrication and subassembly requirements for the manufacture of the

structural components comprising the space tug are state-of-the-art and will

not requi±'e the development of unique m:tnufacturing processes. Low cost

"zoft" tool[n_ i.e., l_out templates, router/blocks, drop hammer dies, etc.,

will be used extensively where practical. The LH 2 and the LO 2 domes will be

subcontracted to a vendor that currently has the capability to manufacture a

one piece dome. In order to accomplish this task in house the program costs

would be higher, ergo the low cost requirement would not be met. The forward

frame and the intertank frames will also be subcontract items to a vendor

that specializes in this type of manufacture and is low cost oriented.

The fusion joining oi' the LH 2 tanks and the LO 2 tanks will be accomplished

using t_he latest TJg welding techniques. Note: The welding process employed

in the manufacture of the space tug LH 2 and LO 2 tanks is fully discussed in.

Section 4..5 StL_mlary Analysis/Philosophy.

The manufacturing requirements for the initial space tug components are out-

lined in the space t_ fsbrication flow pl_s, |ee Figure h-6 thru h-lO. The

final configured space tug component| are outlined in the ssme flovplane

except omit those flo_ that contain an astrisk and ume flow plan Figure h-ll.
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_.1.3.2 Tank Bonding : Plan

The tank bonding and insulation plan for the bonding of the Insulation and

the Kapton purge bag standoffs is delineated in the space tug fabrication

flow plan, see Figures 12 and 13. SIVB technology and new bonding processes

currently being developed in-house will be implemented into the tank bonding

and insulation plan. The plastic standoffs will be bonded to the tank vehll

and domes, the double _ltminized mylar (DAM) will be fitted to the tank and

will be pierced by the plastic stand-offs and bonded to the tank.

h.l. 3.3 Final Assembly and Final Joining Plan

The final assembly and final Joining line sequence flow are outlined in the

Final-Assembly/Joinlng flow plan, see Figures lh and 15. The LO 2 and the LH 2

tanks are built-up as modular assemblies in the horizontal mode. The LO 2

and the I_ 2 subassembly Jigs are then mated per leader pins and index points

and the final Joining, installations, and checkout are accomplished. After

Joining, checkout, integration etc., the space tug is emplaced into a handling

fixture for installation of final closeouts. The interface requirements are

verified per a master fixture, the center of gravity of the vehicle is

e/!_tablished and the completed vehicle is ba_ed and prepared for shipping
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4.1.3.4 Propulsion System

.The major components which co_prise'.the LO 2 and LH 2 propulsion ducts systems

are as follows:

1. LO2 Feed Duct and Sump Assembly

2. LO2 Fill and Drain Duct

3. LO2 Emergency Dump Duct

b. GO2 Vent Duct

5. LH2 Engine Feed Duct

6. _i 2 Fill and Drain Duct

7. GH2 Vent Ducts

The external portions of all the ducts are 30bL corrosive resistant steel

(CRES) tubing with approximately 0.030 inch wall thickness. That portion of

the duct which passes into the tanks will be 2219 aluminum. Master tooling

parts (MTP's) will be developed for each duct to furnish the required

manufacturing data for fabrication and weld assembly.

Each duct will be manufactured and tested as an integral unit. Upon instal-

lation, each duct system will be subjected to simple leak t_sts prior to

system checkout. Manufacturing requirements are currently state-of-the-art.

The pneumatic system for the Space Tug is presented in Section 4.1.3.4.8.

V
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_.i.3.4.1 LO 2 Feed Duct and Sump Assembly .

The LO 2 feed duct is approximately _ feet long, formed to connect the LO 2 tank

with the engine. The duct assembly is made from four different segments of

2 inch diameter tubing with 3 flex gimbals and 2 flanges. The material is

304L corrosive resistant steel. (see Figures _-16 thru b-18)

The sump assembly is approximately 15 inches in diameter at the tank attach

flange and has a 2-inch nominaldiameter flange on the duct end and is about

15 inches overall. The sump will be made from a "closed di_" forging, which

will only need minimal cleanup and attach hole drilling prior to assembly

with the flange. The material is 2219 aluminum.

The welding operations will be present state-of-the-art. TIG welding

processes will be used for the duct, with automatic TIG tube welding equip-

ment, when applicable, typical for both steel •and aluminum.

Handling fixtures will be furnished for protective moving, insulation

application and storage. The size of the assemblies will allow hand

pickup and no slings are anticipated. The flex gimbals will be purchased.

#
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LH 2 TANK
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Figure 4-16 LO 2 En_ne Feed Duct •
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_.1.3._.2 LO2 Fill and Drain Duct

The LO2 fill and drain duct consists of a short corrosive resistant steel

(304L) flex section, and an aluminum (2219) line that interfaces with the

CRES flex section and is welded to LO2 tank aft dome and extends into the

LO2 tank to approximately the aft centerline. (See Figures _-19 thruh-21)

The flex section is made from 2-inch diameter tubing with two flex bellows,

two flanges and a fill/drain valve. The CRES flex section is about 16 inches

lon 6. The aluminum section is made from 2-inch diameter formed tubing with

a single flangewhich interfaces with the flex section. The aluminum section

will be welded to the aft LO2 tank dome during tank assembly.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, when applicable.

Handling fixtures will be furnished for protective storage. No slings (HFH)

will be required, as hand pickup is adequate. The flex bellows and control

valve vii1 be purchased.
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LH 2 TANK

LO 2 TANK

(TYPI

2" I.D. CRES DUCT
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(T YP)

2" i.D. ALUM DUCT

LH 2 UMBIL PANEL (REF)

(FLANGEDI

Figure 4-19 LO 2 Fill/Drain Duct
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4.1.3.4.3 LO2 Emergency Dump Duct

The LO2 emergency dump duct is approximately 8-feet overall. The duct consists

of a corrosive resistant steel flex section and a short aluminum section that

will be welded to the LO2 tank. The flex section is made from S-inch

diameter tubing with six flanges, two flex bellows and two control valves.

(See Figures _-22thru _-26).

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, where applicable.

Handling fixtures (HF) will be furnished for protective uoving, wrapping

insulation and storage. The flex sections will be picked up by hand and

only one sling (HFH) will be furnished to hoist the complete flex section.

The flex bellows and the dump valves will be purchased.

°
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3" I. O. ALUM
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FLANGE
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Figure 4-22
i

Emergency Dump Duct
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_.i.3.4._ GO2 Vent Duct

.The gaseous oxygen vent is approximately 15 feet long, for_ed to connect the

LO 2 umbilical to the forward centerline of the LO 2 tank. The forward end of

the duct is divided into a "Y" shape with two flanges to attach to the two

vent valves. The duct assembly is made from 2 inch diameter tubing with two

flex bellows, 3 flanges and two vent valves. The material is 304L corrosive

resistant steel. (See Figures 4-27 thru 4-29 )

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for transportation, insulation

wrapping and storage. The assembly will be picked up by a handling fixture

sling (HFH), to simplify handling. The flex bellows and vent valves will

be purchased.
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4.i.3.h.5 LH 2 Engine Feed Duct

The LH 2 engine feed duct, with the exception of a small single-walled duct aft

6f the pre-valve, is vacuum Jacketed. Vacuum Jacketed ducting is within our

manufacturing capability, however a cost tradeoff will be necessary to determine

if we should make or buy the vacuum Jacketed ducting. (See Figure 4-30 th_ _-32)

The LH 2 engine feed duct consists of three sections, refer to illustration:

Section A includes the pre-valve and extends to the engine connection, This

section is of single-wall construction, insulated with wrapped m_lar or equiv-

alent materials. Section B extends from the LH 2 tank sump to the approximate

half breadth of the LO 2 tank. This section is double-walled, vacuum Jacketed

construction. Section C extends from approximately the LO 2 tank half breadth

to the pre-valve. This duct section is also double-walled, vacuum Jacketed

construction. All three sections will use 304L corrosive resistant steel

tubing. The flex bellows, pre-valve, burst disks and vacuum fittings will

be purchased.

The vacuum Jacketed duct sections will requiremore complex weld fixtures than

the single walled ducts, and a precise sequence of assemblymust be followed.

Each duct section will be proof and leak tested individually and after they

are assembled, a simple leak test is required to assure the interface sealing

reliability.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for transportation and storage. The

large assemblies will be picked up by handling fixture--hoist (HFH) to prevent

damage to the assemblies.
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FLANGE
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LH 2 Engine Feed Duct
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Refurbishment

Intermediate and final checkout will be performed on all factory refurbished or

modified vehicles in a similar manner as the initial factory checkout. Additional

testing may involve specialized modlfieation/rework tests not normally done in the

initial checkout. Such tests are evident where structural modification or repairs

are necessary. Remote site acoustic emission evaluation of tank quality is also

anticipated. A very minimum of acceptance tests on refurbished vehicles would be

a repeat of the original factory final checkout.

Data accumulated will be statistically compared with original and mission perfor-

mance data to assist in the quality evaluation for future refurbishment duty cycle

rework requirements.

Configuration I

Batteries Will not be received at the factory, but will be delivered directly to

the launch site. Either battery simulators, or special batteries installed for

the purpose of Tug checkout will be used for in-plant tests.

Configuration F

Fuel cells will be tested upon receipt from the manufacturer in a specially

designed facility to safely distribute, control, and vent hazardous gases. High

purity oxygen, hydrogen, and nitrogen will be required to facilit&te checkout.

Adequate safeguards and procedures will ensure minimum risk to personnel and

equipment during operations. Fuel cells will be functioned again after instal-

lationas a part of the Tug vehicle final checkout.

FACTORY CHECKOUT - TUG VEHICLE

Confi6uration I

Final system checkout will be as thorough as practical prior to shipment of each

Tug vehicle from the factory. Launch, mission profile, and recovery operations

will be simulated as close as practical in a factory ambient environment to

exercise all on-board functional systems without actual propellant loading.

Checkout will be performed to go, no-go limit criteria controlled from manufacturing

GSE. This checkout will in part simulate the launch checkout performed prior to

launch.



.1.3.6 Production Acceptance Test Plan

MANUFACTURING IN-PROCESS TESTS - STRUCTURAL/MECIIANICAI,

Tank Structures

Propellant tanks will be proof and leak tested after basic assembly, but prior

to further buildup. Each individual tank assembly will be connected to a

hydrostatic test facility where it will undergo a proof pressure test.

The LH 2 tank will be filled with water while simultaneously submerged with

water in an outer tank to prevent over-stressing of the aft dome due to static

head pressure of the internal water. All LH 2 tanks will be tested with a

uniform differential pressure in this manner.

The I_ 2 tanks will be tested in the same facility, but will not be submerged

during the test.

Structural integrity historical data formation will start at the time of tank

proof tests by the real time monitoring and recording of acoustical emissions

emanating from minute plastic deformation and fractures occurring upon

initial pressurization. Emission quantity and rate recorded during the pres-

surization cycle will serve to uncover trends in structural weaknesses, and

provide a real-time analysis of potential failures. Automated data handling

will permit ongoing interpretation and warning during the proof test cycle

should crack growth rates exceed a pre-determined level. Permanent test

records will then provide a data base to be used in subsequent test result

correlation.

During tug mid-life refurbishment operations, additional static pressure tests

will be performed with further examination of acoustical emission data. This

data will be correlated with the initial proof test data, enabling a more

thorough structural integrity evaluation and life forecast per stage.

V



Initial leak tests will be performed on each tank assembly after proof tests.

All leak tests Will be done pn_umatically using ambient gaseous helium as a

trace gas with the test pressure not to exceed a 4:1 design bt_st ratio. All

weld seams and each through fastener will be checked for leakage. Leak detec-

tion will be by the use of portable helium sniffers with clearly defined go,

no-go acceptance requirements.

Tank leak checks will not be done durlngmid-life refurbishmcnt unless the

tanks are stripped of all insulation and sufficient rc',son exists.

Pneumatic Installations

Each pneumatic duct, line, and component Joint will be leak tested after

assembly with gaseous helium, pressurized to expected operating pressures

except where scme se_nents may exceeda _:l design burst ratio. No pneumatic

testing will be performed at less than 4:1 unless sufficient shelter and

shrapnel screening is provided.

Electronic Assemblies

Electronic black box subassemblies (PCB's, thick film substrates, etc.) will

be tested on existing govermnent owned automatic testers. Boards will be

tested prior to and after conformal coating. Specialized te:_t programs will

be: developed to thoroughly exerci_:.) each circuit and Jnterrel.,ted components

prior to next assembly.

Final black box assemblies will be tested after all assembly operations are

completed to ensure operability within Go, no-go acceptance limits.

bi!tJor Subcontractor Hardware

Flight articles produced by a major subcontractor will. be accept,,uce tested at

the supplier prior to delivery. In-plant checkout capability w[]l be

necessary, however, to fault isolate st_systems to the black box level in

parallel with vehicle checkout. Supplier system test sets may be required _f

practical.



All test operations will be performed by automated computer controlled GSE with

go, no-go analysis displayed and printed on reproducible hard copy. This factory

checkout GSE will be of the same design as the launch site GSE. Primary differences

in factory checkout and launch checkout will include additional data recordin_ at

the factory to establish certain instrumentation calibration bases for mission

purposes, payload simulation, more thorough leak rate evaluation, and the obvious

absence of flight propellants.

Initial test programsoftware will be developed and uroven in the Integrated

Avionics Test Unit (IATU) prior to'first vehicle application. Subsequent software

configurations will likewise be routinely verified in the final checkout position

or offline prior to use.

Configuration F

Factory checkout of configurations with autonomouson-board checkout capability

will be similar to those requiring a limit check, except that the manufacturing

GSE will load and control the on-board computer and monitor the results instead

of directly controlling all activity. Test results will likewise be recorded

on reproducible hard copy.

V



h.l.3.h.6 LH 2 Fill/Drain Duct

The LH 2 fill/drain extends from theLH 2 umbilical panel up to and into the

LH 2 tank. The duct is composed of many subassemblies which will make up ten

(i0) complete sections, as follows:

Aft "Y" section (D_
k_/

Forward "Y" section F_

Inboard flex section [G)

Outboard flexsection_

Forward vacuum Jacketed section

Aft vacuum Jacketed section

Inboard tank penetration (L) (aluminum)

Inboard tank penetration _ (aluminum)

®Outboard-inside flange extension into LH 2 tank (aluminum)

(See Figure h-33 thru _-_i)

The ducts will be made from 30h6 corrosive resistant steel tubing, except that

any duct which penetrates and/or extends into the LH 2 tank will be 2219 aluminum

tubing. The flex bellows, valves, burst disks and vacuum fittings will be

purchased. The vacuum jacketed duct sections will require more complex weld

fixturesthan the single walled ducts, anda precise sequence of assembly

must be followed.

Each duct section will be proof and leak tested individually after assembly,

while a simple leak test is required to leak test the interface sealing.

The welding operationswill be present state-of-the-art. Automatic TIG tube

weldingequipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for transportation and storage. The

large assemblies will be picked up by handling fixture-hoist (HFH) to prevent

damage to the assemblies.
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_4.1.3.1J.7 GII2 Ve.t Ducts

_'he Gll2 vent system consists of 2 separate sections, namely the vertical and

horizontal sections. The vertical section extends from the hydrogen umbilical

to the forward centerline of the hydrogen tank. The horizontal section connects

to the forward end of the vertical section and extends along the hydrogen dome

to the upper side while in a horizontal position. The vertical section is

approximately 30-feet long, while the horizontal section is approximately

9-feet long. Both sections consist of flanges, flex bellows, and 2-inch

diameter tubing. The forward end of the vertical section has three flanges,

with two flanges attaching to vent valves and the other to the horizontal

section. (See Figure _-h2 thru_-_5)

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (}IF) will be furnished for protectively moving, insulation

wrapping and storage. A handling fixture hoist (HFH) will be furnished for

the vertical section, however the horizontal section will be picked up by hand.

The flex bellows and valves will be purchased.
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4.1.3.4.8 Pneumatic (Helium) System

.The pneumatic system consists of ti.tanium storage bottles filled with helium

'and with 1/4 inch and 1/2 inch diameter tubing connecting the bottles to

control valves for the following systems:

LH 2 Feed

LH 2 Fill and Drain

GH 2 Vent

LO 2 Feed

LO 2 Fill and Drain

LO 2 Emergency Dump

GO 2 Vent

The tubing will be thin-walled corrosive resistant steel (30_L) and will be

brazed (or welded) in place, upon installation. The lengths and bend radii

will be controlled by bend radius templets (BRT).

The pneumatic systems for the various configurations will be very similar

except for the location of the pressure bottles, and resulting plumbing

requirements. The ambient configuration bottles are located on the thrust

structure, while the "cold" configuration bottles are located in the LO 2

tank. The cold configuration requires a helium heater at the umbilical with

additional plumbing.

I



_.i.3.5 Avionics Fabrication, Assembly, and Installation

The avionics fabrication, assembly and installation manufacturing concept is

based on the use of modular electrical/electronic units. Typically, a module

consists of a housing With 5-1ayerthick film hybrid assemblies, state-of-the

art at MDAC, connected by a _-layer flexible printed wiring harness. The

modules are mounted on baseplates with an interconnectingwire harness to

comprise a complete tested unit ready for installation on the vehicle support

structure. Purchased assemblies will be adapted to the support structure by

fabricated mounts. Instrumentation transducers that are integral to the

vehicle structure or other subsystems will be installed during the relevant

assembly operations. All other transducers, electrical/electronic units and

interconnecting cable assemblies will be installed during and after final

assembly of the vehicle. Items comprising the avionics subsystem are

tabulated below.

Quantit_ I1,1t Quantity Unit

50 Interconnecting Cables I RF MUX

i0 MIU's i SGLS/USB Transponder

i Data Control Unit i C_D Decoder

i PCM Formatter i COMSEC. Equipment

i GSE/ORB I/F Unit 2 Tape Recorders

i Spectrum Converter I High Gain Antenna

i Computer i AGZU Primary Battery

6 Instrumentation Power i NICAD Backup Battery
Supply

i NICAD Backup Battery
2 Startracker - Strapdown

I Power Dist. Assembly-
2 IMU - Tuned Rotor Hybrid

I Mod/Demod Processor i Power Amplifier

i O_II - Directional 200 Transducers
Antenna

I Microwave Circuitry

Installation

The manufacturin_ and assembly concept will require minimum tooling. The

manufacturing flow plans for the avionic components are depicted in Figures

_-_t6 and _-_7.
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4.2 TOOLING REQUIREMENTS

Tooling requirements generated by the fabrication and assembly flow plans previously

outlined in Section h.l.3 are presented in the followin_ list, as are the tools

needed to produce and/or modify items of Ground Support Equipment used for factory

checkout. Tooling abbreviations are defined in the glossary of definitions.

TOOL

D SlC AT O S

AJ

AT

ATP

BJ

BRT

CT

DD

DJ

FB

FD}{

FDS

HF

HFH

LF

LT

MCM

TOOL TOOL

NOMk_CLATURE DESICNATYO_

Assembly Jig MF

Apply Templet _4T

Auxiliary Tool Production _._f

Bonding Ji_ MTP

Bend Radius Templet NMT

Contour Templet PLM

Draw Die P_

Drill Jig PT

Form Block PTE

Form Die-Hammer RB

Form Die-Swage SFB

Handlin_ Fixture SWF

Handling Fixture-Hoist TEA

Lathe Fixture TJ

Layout Templet WF

Machine Control Medium WJB

TOOL

NO_gmCLATURE

Mill Fixture

Master Maskin_ Templet

Masking Templet

Master Tooling Part

Negative Maskin_ Templet

Plastic Laminating Mold

Positive Masking Templet

Profile Templet

Production Test Equipment

Router Block

Spin Form Block

Spotweld Fixture

Test Equipment Accessory

Trim ,Tig

Weld Fixture

Wire Jig Board

V
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4.3 FACILITIES

Detailed analysis and evaluatiun uf program facility requirements to support

a minimum cost DDT&E effort and low, early-year' funding for Option i has

determined that existing MDAC facilities can be utilized for most requirements.

This evaluation was based on a 'Bottoms up" analysis of operation's require-

mentsfor manufacturing, test, integration, and checkout, and program needs

were then matched against lists of existing modified, and new facilities.

The basis for final determination was the availability and Compatibility of

identified items, and the predicted cost of supplemental equipment and

modifications foradaptabillty.

Production facilities were evaluated using the horizontal mating method as the

preferred approach. Facilities identified are not configuration sensitive, and
t

cost alone was not the sole determinant in the selection of support equipment.

4.3.1 Manufacturing Facilities

Manufacture, assembly and checkout of the Space Tug will l_e n.cc_apllshed _tt

the McDonnell Douglas Astronautical Co,,pany (_8)AC) facility in Huntington Beach,

California. This facility was so planned and designed frcm _t:] inception a:: to

provide fully integrated capabilities for the production of space vehicles.

Buildings include provisions for engineering and administrative offices, a

Systems Integro.tion Laborato,y, .CJtructural Test Laboratory, Space Simulation

Laboratory, Production Test Laboratory, _ manufacturing and assembly building,

insulation builaing, a fin::tl ass_:mbly and checkout building, and other service

and sLlpport facilities.

During development and production of the Space Tug, muximum utilizosion will be

made of existin_ MDAC and f;overnment-owned facil._ties used on the S:_turn G-IVB

progrma and the Orbital WorkL_.op. Fu]] progr_un support will be provided by

existing machine :;hops, sheet metal shops, processing equipment, electric._]/

electronic fabric_ttion and u::sembly facilities, ;_nd supporting inspection

and test laboratories.

A preliminary list of addition_.l facility recu_]'emcnts identified at this time

for each of the configurat[on_ is shown in the table in Sect;ion 3.1. A]so

included are tentatJv e costs and cshtmate_ of procl,rcment lead times. A

<¢. -//



i00,000 cl_tss clean room for final assembly is listed in those requlrelnents

to satisfy contract re_luirements.

b.3.2 Test Facilities

Existing laboratories and facilities at MDAC in l[untington Beach will be

utilized for production tostlng and checkout operations. Little or no

modtficatlon of these laboratorles will be required for Space Tug program use,

as these facilities were designed for use on space vehiclehardware and

assemblies.

Propulsion Test Vehicle (PTV) tests will be conducted Jn test cell Jh at the

AEDC facility in Tullahoma. This test cell will provide the altitude simula-

tion capability lacking in the test facilities at Huntsville. _lermal tests

of the vehicle will be _ccomplish_d in the NASA high-vacuum facility,

utilizing an existing scaled-down and instrumented tank that will fit the

15 foot diameter chamber. These government facilities are available for

program use at no cost or at a nominal fee, depending on the using agency.



h. 4 Special Requirements

The special requirements of the Space Tug manufacturing plan is the fabrication

of the single piece LH2 and L02 dmues tooling and the procurement of the test

sets of domes for testing. All other manufacturing requirements are state-of-

the-art.

4.5 Summary - Analysis/Philosop_y

This section contains the analysis and philosophy-engendered into the Space

Tug manufacturing plan.

• 5.1 Analysis

The analysis of the Space Tug manufacturing plan illustrates the following

requirements were achieved:

o Minimum DDT&E with planned growth ability.

o Manufacturing methods and pro@eases employed are state-of-the-art.

o Low tooling costs . standard tools and "soft" tooling utilized to

the maximum.

o Cost effective production with high reliability.

o Manufacturing rate is compatible with the scheduled delivery

requirement s.

o Manufacturing program pre-planned and phased to insure low total

program costs.

h.5.2 Philosophy

o 0.97 reliability factor

o Minimum DDT&E with planned growth ability

o Reuseable vehicle

o Recycle capability

o Low program cost

o Low early year funding

o Pre-planned and phased manufacturing program



In order to meet these requirements the following manufacturing philosophies

have been instilled into the manufacturing plan of the Space Tug.

1. Automate where economically feasible to reduce manufacturing man-

power requirements. Areas of automation are as follows:

a) Numerically controlled machining of all machined components.

Programmed dwell cycles for change and design revisions.

2. Fusion Joining of the L02 and the I_{ 2 tanks will be accomplished

automatically using the latest TIG welding techniques, i.e.,

electronics sensing devices, closed circuit television and other

monitoring devices.

3. The fabrication of the LH2 and LO2 aluminum 2219 Cassinian tapered

domes are purchased as single piece spin-formed domes in a T37

condition, machined in-house to a nominal thickness and taper

chem-milled.

_. Reduction of components will be the concept for this manufacturin_

plan. Extruded and welded stub frames, and large sheet stock will

be used.

5. Commonality and multi-use parts will be the manufacturing and

engineering objectives of this plan, i.e., tank supports, tank

support fittings.

6. A tool master program viii be used on all field Joints and verifica-

tion matching interfaces.

7. "Soft" tooling will be used where practical and economical.

8. Tools designed and fabricated to accept phased-in final configuration

with a minimum of rework.

_4



h.b IMPACT OF O_I'ION SENSITIVITIES

The impact of the option sensitivities to the manufacturing Dian are outlined

in this section. These options are as follows:

i. Configuration and programmatic sensitivities for the Final Tug

to retrieve 3500 ib from _eosynchronous.

2. Programmatic Sensitivity to delay both Initial and Final Tug

IOC dates 2 years (December 31, 1981 to 19_5).

The impact of each of the above sensitivities is delineated in _he following

sections and in the same numerical order.

I_.6.1 Confi6uration Mid Prosrammatic Sensitivities For the Final Tug to

Retrieve 3_O0 lb From Geos[nchronous

The configuration and programmatic sensitivities forthe final Tug to retrieve

3500 lb from aeosynchronous does not impact manufacturing.

4.0.2 IOC Delay of 2 Years for the. Initial and Final Tu_

The IOC delay of 2years for the initial and final tug will have the following

impactson mmlufacturing:

Initial Tug

1. DDT&E accomolished on a one shift basis.

2. Long leadtime procurement schedule extended.

3. Facility activation schedule extended.

4. Low manufacturing rate.

Final Tug

i. Continuous DDT&E effort on a one shift basis

2. The manufacturing rate of 2.d produces _eaks and

valleys in the production flow.

3. Procurement effort extended.

4. Facility activation extended.

V



h.7 GSE Requirements

This section defines the Ground Support Equipment (GSE) required for factory

checkout only. The items listed below will be usedin-plant to support

checkout operations during acceptance testing, but do not represent the total

complement of GSE required for the Space Tug program.

A schematic depicting GSE interconnection and Tug hookupfor final system

checkout is shown in Figure h-h8 and _h9.

I. APS Breakout Control Box

2. Space Tug Simulator

3. Spacecraft Simulator

h. Propellant or Pneumatic Control Console

5. Propulsion Pneumatic Console

6. Propellant Utilization Component Test Set

7. Printed Circuit Card Component Test Set

8. Power System Test Set

9. Orbiter Simulator

i0. Signal Conditioning Unit

ii. Guidance andNavigation Test Set

12. Guidance and Navigation System Checkout Kit

13, Digital Events Recorder

lb. Data Management Test Set

15. Communication System Test Set

16. Checkout Cable Kit

Figure

_-50

_-51

h-52

h-53

_-Sh

h-55

h-56

_-57

4-58

h-59

4-60

_-61

_-62

_-63

_-6h

4-65

The following pages identify the unique applications of the listed items, and

show quantity requlrements, the functional requirements, and a brief description

of the equipment. Where applicable, the similarity to existing items of other

MDAC-designed GSE is noted for comparison.

Included in the Tool List in Section h.2 are the tools required to produce (or

to modify existing) items of GSE for factory checkout use. Refer to Section

6.11.6 for a description of all operational GSE required to support the Space

Tug program. The percentage of reworked and new GSE is also noted, as is a

description of refurbishment requirements.
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APS BHF2_[OUT COIITROL BOX

FUNCTIONAL REQUIRFMENTS:

Provldes individual electrical control of the APS thruster

valves and isolation valves for checkout.

EQUIPMENT DESCHIPTION:

Twelve cable assemblies, suitcase assembly which contains one

momentary sw., five push button indicator sw., one to_le sw.,

six indicator lamps, two circuit breakers, one six-bank wafer sw.,

five fuses, twelve connectors, and associated _irinK. (Similar

to DSV-7-106).

FACTORY REQUIR_I_S: 1

Figure 4-50
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SPACE TUG SIMULATOR

FUNCTIONAL REQUIRH.IENTS:

Functionally simulates Tug electrical parameters for verification

of GSE, payloads and Shuttle interfaces,

EQUIH._ENT DESCRIPTION :

3 Bay console interfacing with computer complex containing logic

cards, encoder, decoder, and load test, test point assembly,

indicator panels, logic power supply, path panel (similar toDSV-_B-

137).

FACTORY REQUIRF_4ENTS: 1

Figure 4-51



SPACECRAFT SI!.KJLATOR

FUNCTIONAL REQUIR_.IENT:

Functionally simulates Tug/Spacecraft interface for verification

of electrical parameters.

EQUIPMENT DESCRIPTION:

• Portable.tester containing encoder, decoder and load test

circults. °

FACTORY REQUIREMENTS: I

Figure 4-52



PROPELLANT OR PE_EUMATIC C01FfROL CONSOLE

FUNCTIONAL REQUIREMENTS :

Controls and pneumatic regulated gas supplies for vehicle

pressurization of pneumatics and propellant systems. Used for

checkout, purge, and pressure checks and loading of pneumatics

into Tug vehicle. Monitors propellant loading and unloading.

Capable Qf semi-automatic or manual loading of propellants.

EQUIPMENT DESCRIPTION :

Three bay console with intercom, light and indicators, switches,

and alpha numerical d_splay, and associated circuitry. (Similar

to DSV-MB-233. )

FACTORY REQU IRF_4ENTS: 1

Figure 4-53



PROPULSION PI|L"d_TICCONSOLE
(CHEC_:OU%')

FUNCTIONAL REQUIR_4ENTS:

Provide regulated gas supplies to vehicle for pressurization of

pneumatic and propellant systems. Used for leak and functional

checks, purging, pressure draining, and application of blanket

pressures.

E_JIPMENT DESCRIPTION:

Pneumatic console such as DSV-hB-321 modified as required for

special Tug requirements.

FACTORY REQUIRE_4ENTS: i

Figure 4-54
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PBOPELLA/_2 UTILIZATIO;I COt_ONETIT TEST SET

FU_ICTIONAL REQUIRE%_ENTS :

Tests and calibrates P.U. electronics assembly adjustments.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-II2

FACTORY REQU IR_/MENTS: 1

Figure 4-55
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PRIIITi9 CIRCUIT CARD CO. IPO.,r.I,TTEST SET

FUNCTIONAL REQUIRF_ENTS :

Tests printed circuit cards and isolates difficulties to component

level. Provides voltag)es, input stimuli, and loads. Monitors

outputs or' cards being tested.

EQUI}_4ENT DESCRIPTION :

Similar to DSV-IIB-IOh

FACTORY REQUIREMENTS: 1

Figure 4-56
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POWER SYSTEM TEST SEt

FUNCTIONAL REQUIH}_24E_]TS:

Provide means to load fuel cells and vehicie power distribution

system. Provide ground power sources for vehicle end GSE. Provide

emergency power in event facility power malfunction.

EQUIPMEI_ DESCRIPTION:
i

Two bay rack of electrical equipment containing two independent

programmable power supplies for vehicle power, one programmable

power supply for GSE power, and pro_r_amable loads for vehicle

power system C/O, a backup battery unit is >rovided for

emergency l_wer.

FACTORY REQUIR]_IENTS : 1

Figure 4-57
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ORBITER SIMULATOR

NAME: ORBITER SIMUI_%TOH

FUNCTIONAL REQUIRemENTS:

Functionally simulates orbiter/Tug interfaces for verification of

electrical parameters.

EQUIPMENT DESCRIPTION:

Portable test set containing encoder, decoder and load test

circuits. Contains switches and indicator lights.

FACTORY REQUIR_.IE_TS : i

Figure 4-58
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SIGNAL COilDITIONIIIG UNIT

FUNCTIONAL REQUIBH,IEI_S:

Interfaces between Tu_ vehicle and GSE for signal and power

conditioninK, and distribution.

EQUIP_I.]_NTDESCRIVfION:

Consists of a 3 bay console which contains Junction box,

(i) 1032 point patch panel assembly, (i0) isolation mnplifiers,

(I) h row relay-plane, (i0) buffer amplifiers, (i) lo_ic power

supply, and (20) connectors and associated wirini_. (Similar to

DSV-3B-133).

FACTORY REQU IR_]4ENTS: 1

Figure 4-159



GUIDANCE AND NAVIGATION TEST SET

NAME: GUIDANCE AND NAVIGATION TEST SET

FUNCTIONAL REQUIREMENTS:

Monitors and verifies checkout of IMU and GC. It provides calibration,

alignment and simulation of navigation programs. Capable of simulations

of all flight programs.

EQUIPMENT DESCRIPTION:

Rate table and associated electronic bays which include display panel,

control panel, Oscilloscope, universal counter, digital voltmeter,

interface (DIU) assembly, power supplies, digital printer paper tape punch,

test point control panel, downlink display panel, etc. (Available from

Delta Program.)

WACTORY R_OJTTRkIW/_N_T8: !



NAME: GUIDANCE AND I|AVIGATION SYSTEM CII]_KOUT KIT (PICTORIAL VIEW OMITTED)

FUNCTIONAL REQUIR]_4E_S :

Interfaces between Tug I)_J and GC and the laboratory test

equipment. Also provides mounting of IMU to rnte table.

EQUIPMENT DESCRIPTION:

Consists of IMU holding fixture and cables.

Delta Program. )

(Available from

FACTORY REQUIRF_ENTS: I

Figure 4-61
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DIGITAL EVENTS RECORDER (DER)

FUNCTIONAL REQUIREMENTS:

Collects discrete status

recorded information.

record.

EQUIPHENT DESCRIPTION:

FACTORY REQUIREMENTS:

(on/off) data and compares data against previously

Prints or tape punches output results for permanent

Similar to DSV-4B-289

I GFE

Figure 4-62
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DATA MANAGEMENT TEST SET

FUNCTIONAL REQUIR_I_ITS:

Controls operation of I)MS computer and monitors computer status, Initisuls program

loading and verification, performs functional verification of DMS command and

control functions, interface with other T/S for dedicated displays, verify

selected subsystem parluneters as program.

EQUIPMENT DESCRIPTION:

Portable console interfacin_ with computer for program verification and DMS memory

dump C/O, paper tape memory loader, tape reader, DMS computer control and status

panel, dedicated display panel for DMS function and programmable display for other

subsystem functions (GNC, Comm, Power, and Prop.) - CRT

FACTORY REQUIR_WENTS: 1
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CO_INICATION SYSTEM TEST SET

Functional Requirements

Receives, demodulates PCM data from spacecraft, provides for output to computer

storage, contains display for visual data monltorin6 of incoming signals and

routlng oT data to external areas for further processing. Can be controlled

locally or through computer.

Equi_ent Description

NOMENCLATURE QTY

H

0 _ PC
I--0 r-_ 0
o _ I

_4

X-Y Recorder

Sweep'Oscillator

Signal Generator

VSWRMeter

RF Power Meter

RF Misc. Equipment

Frequency Counter

Frequency Converter

S-Band Test Transmitter

S-Band Test Receiver

S-Band FM Receiver

Payload PCM Demodulator

1 X

Figure 4-64

1 X

1 X

1 X

1 X

TBD X

1 X

I

P

2

i

1

X

*Equipment to be

made available

at launch complex

in the event of

transmission

failures.

Similar to DSV-

hB-123 and DSV-

hB-125



Equipment Description (Cont,d)

NOMENCLATURE QTY

o _ a_.
_4 _ o

Rn.IARKS

SGLS/NASA PCM Demodulator
I

PCM Decommut at or

PRN' RanKing Assembly (C_LS/NASA)

ErrOr Bate Measuring Unit

Command Signal Conditioner (SGLS/NASA)

Regulated Power Supply

Logic Power Supply

PCMSimula%or

Oscilloscope

Calibration Test Panel

Manual Control Panel

RF Switch Panel

Source Selector Panel

RF Attenuator Panel

QuiCk Loop Panel

Voice Communication Panel

RMS Voltmeter

Circuit Breaker Panel

Patch Panel

Analog Strip Chart

Bilevel Strip Chart

FH Oscillograph

Digital to Analog Converters

Galvanometer Drive Amplifiers

1

2

2

1

2

2

2

1

1

1

1

1

1

1

2

3

1

2

1

3

3

2

8O

6

Similar to DSV-

hB-2hO. DSV-hB-

238. DSV-hB-239

Factory Requirements: 1



NAME: CHECKOUT CABLE KIT (PICTORIAL VIEW OMITTED)

FUNCTIONAL REQUIR_4ENTS:

Provides interconnects between test sets, vehicle, power, etc.

EQUIPMENT DESCRIPTION:

Consists of all cable, (power, RF, signal) required to support Tug

Unique checkout in all areas. Cable network - 70 cable asseinblies (80 ft) long -

(35) 60 pin cables; (18) h pin cables; (5) 39 pin cables; 7 coax cables; (5) 2h pin

cables ; breakout cables and general breakout box. Similar to DsV-hB-726A.

FACTORY REQUIR_IENTS: 1

Figure 4-65



Section 5

SPECIAL PROGRAMMATICS

The three subsections to Section 5 address innovations in program implementation,

managment innovations, and potential government task sharing capabilities.

5.1 PROGRAM IMPLEMENTATION INNOVATIONS

Our approach on Program Option 3, as it is for the Space Tug project, is to

minimize costs and still meet minimum acceptable performance. We consider

that a planned evolutionary growth in capability for the Tug is a major

innovation. The phased approach allows meeting the minimum DDT&E costs and

annual funding constraints and accomplishes an orderly growth to required

capability. In the test area, we are doing several things to accomplish the

objectives and reduce costs, e.g., the first flight of Option 2 is an

operational flight to place a payload into its assigned orbit with only

secondary test objectives (accomplished with added instrumentation) to prove

out the operational effectiveness of the Tug/Shuttle interfaces. This will

eliminate a dedicated Shuttle flight for Tug test purposes.

In the program mans_ement approach using available tools and techniques

developed for use on DOD, NASA, as well as commercial programs from throughout

the MDC corporate family. The program management innovations are discussed

in the following subsection 5.3.



5.2 ',..,0GPq_1MANAGI,_ENT FOR THE SPACE TUG PROJECT

_..,, "_ management approach to the Space Tug project is to apply the tools an_

ccchr.iques most appropriate to ensure project control at an acceptable cost

_cvcl. Our approach includes reaffirming the Government's management require-

mc,_ts so that we can be appropriately responsive to their needs. MDAC's

_vailable management tools and techniques have evolved during extensive

devc]ol_men_ _nd use with both NASA and DoD programs as well as on Douglas'

commercial aircraft programs.

As demonstrated during the Space Tug Phase A Systems Study, the MDAC

manL.sement philosophy emphasizes "cost planning." This cost planning, which

will continue throughout all phases of program definition and beyond, will

result in cost-awareness/cost-avoidance attitudes that are essential to effec-

tive project cost control. Cost planning is not limited to the prime

contractor's role, but will extend through the working relationships to

the Government and to the suppliers to establish clear-cut cost objectives and

the management plans appropriate for achieving these objectives.

h_AC's cost-awareness/cost-avoidance philosophy on Space Tug emphasizes the

identification of and the avoidance of all unnecessary costs. This will Call

for close contractor/Government working relationships and teamwork to define

and manage to only those effective project requirements. The net effect of

the application of this philosophy is to develop the Space Tug with only the

necessary equipment, material, and labor, and hence at lower costs.

Actions that highlight the MDAC low-cost management approach on Space Tug

include:

• Develop (in concert with the customer) well-defined mission per-

formanceparameters and cost objectives early in DDT&E.

o Assign highly capable personnel with applicable experience.

@ Develop well-defined program plans based upon essential technical and

management requirements to accomplish the mission. These program

plans will be brief and concise and directive in nature to provide

clear management direction and assessment without excess detail.

@ Provide closely coupled contractor/Government working relationships

including collocation Of counterparts and task-sharing where effective.



@ Develop specific contractual clauses that provide motivation to both

contractor and Government to achieve the lowest cost consistent with

excellence of performance and tight schedule requirements.

Operate critical change control under strict criteria (is it func-

tionally necessary -- it is cost-effective) for accept/reject

decision.

Apply management systems responsible to the needs of contractor/

Government and provide timely visibility into potential problem areas

to avoid vulnerability to unplanned cost or schedule delays.

Procure "Buy" items, particularly off-the-shelf material and subsys-

tems components, frgm lowest-cost, technically capable suppliers.

Features of several of the more crucial management systems are presented

below:

• Performance Measurement System (PMS)

The MDAC PMS is an on-line approved system currently in use on the

Air Force ACE program, the Army SAFEGUARD/Spartan and Site Defense

programs, and the Navy Harpoon program. Our experiences show that

a low-cost and effective PMS requires a realistic WBS structure,

ability to selectively apply BCWS/BCWP and variance analyses, ability

to adjust the levels of reporting and control to the magnitude of

the cost risk represented by the WBS elements, and to provide

management reports at meaningful time intervals.

• Cost-Per-Flight (CPF) Management Controls

CPF controls have been developed that are closely integrated with the

PMS and the change control system. Based upon MDAC's life-cycle-cost-

modeling technology, CPF provides cost goals (targets) throughout the

WBS. CPF provides continuing predictive capability for total cost,

and impact assessment, and variance projections against lower-level

WBS element cost targets as well as total project cost. Multi-

discipline specialists work closely together to develop the cost esti-

mates leading to the CPF targets. The task and functional managers

are accountable for successful attainment of CPF goals, includ-

ing development of the options and trade analyses necessary to



recover should unfavorable variances appear. Oneof the keys to

achieving low-cost objectives is to understand the impact of decisions

on program costs -- a primary purpose of CPF.

Configuration and Change Management (CH)

The goal of CM is to effectively define contract item configuration

and to manage change. On Space Tug, once a configuration is defined,

it is imperative that strict criteria, by which a proposed change can

be evaluated and accepted/rejected rapidly and effectively, be

established. The configuration control board chaired by the program

manager will use the CPF analysis to know the impact of changes

against the CPF targets and the cost budgets. There is a corollary

to the use of strict change criteria which implies that to avoid

unnecessary costs, the mission requirements are well defined and

the design team can design it right the first time to minimize

change.

Information Management (IM)

The most effective as well as lowest-cost IM system makes

maximum use of informal direct communication between designated

contractor/Government counterparts for daily decision-making. This

informal interchange is backed up by the formal contractual reporting

system, which provides documentation of the key data and decision/

action items for historical reference. The contracted data procure-

ment document (DRD) and data requirements list (DRL) will make maxi-

mum use Of internal data whever possible. Inaddition, MDAC's

accessioning and deferred delivery methods will offer the customer

up-to-date information on available internal documentation while

minimizing the need for routine submission of data.

Procurement Management

MDAC'sapproach to make-or-buy, source selection, and procurement

is to make use of existing proven industry capabilitieswhile main-

taining focus on the CPF targets. CPF targets are passed on to

subcontractors and suppliers with appropriate contract incentives.

Supplier reports are integrated into our PMS and CPF project reviews

with a minimum of reprocessing. In accord with our internal informa-

tion management system, the customer will have direct access to

subcontractor/supplier data.



Engineering Management

MDAC's design team has extensive and successful cryogenic launch

vehicle experience. A single organization will perform analyses,

integration, and design tasks supported by functional specialists, as

required (tooling, manufacturing, quality, test, logistics, ere)

who are involved from project inception. Supporting this multi-

discipline team approach is the recommendation forcollocating

contractor/customer/supplier representatives to encourage face-to-

face daily dialogue. Cost-per-flight targets are assigned down to

the lowest practical level of the WBS, and the design team will have

specific Design-to-Gost (DTC) training. As the design concept

evolves, senior engineers will be part of the team that will review

the mission requirements, the design requirements, the detailed

specifications, and the design drawings to ensure a thorough evalua-

tion of alternatives to emphasize low-life-cycle costs, standard

parts, and off-the-shelf hardware. Critical technical performance

parameters, e.g., CPF, are selected for status reporting to provide

most-meaningful technical progress assessment. Parameters are

tracked by time-dependent trend data or single-point events and are

measured by analysis or test withvariances reported in time for cor-

rective action with minimum cost/schedule impact. In addition to the

above, the Engineering and the Manufacturing releases are closely

coordinated (jointly signed off) before release to ensure full under-

standing and communication of each others' requirements and

intentions.

will enable Space Tug to avoid unnecessarymaterial and labor costs.

A.

In summary, application Of MDAC's cost-awareness/cost-avoidance philosophy

We will:

Understand the essential mission and program requirements,

specifically:

1. Technical

2. Management

3. Cost

B. Design and manage to meet the essential life-cycle requirements and

the CPF targets

C. Test to verify design but minimize test hardware requirements and

testing activities.



5.3 TASKSHARING

A library of both NASA and Air Force facilities and capabilities has been established

by MDAC at MSFC and documentation indexes are available. Our review of these reference

materials has identified potential areas for government task sharing on Space Tug.

These areas are summarized on Table 5.3-1. Tables 5.3-2 through 5.3-8 contain the

NASA and the Air Force Documentation Indexes. Table 5.3-9 summarizes the investigation

into the MSFC S-IVB Battleship Test Stand conversion. Tables 5.3-10 and 5.3-11

summarizes the investiKation into the AEDC Test Chamber capabilities. Table 5.3-12

presents a summary of the items reviewed for potential task sharing at AEDC.

Table 5.3-1

ORGAN 17.%TION

TI,7;;I",:FZ!;LE:-:_ lit .LNI=C

D._ISI_;;, DFVELOP PPOTOTYPE

3P0.03.03 AVIO?HC:;

GOVERNMENT TASK SHARING CAPABILITY AREAS

NASA

{ {

DOD

WWA?B AE'DC WT. SA:{SO

X X I(

"_20.0"_. oh PEOFUf CDJN X X X

TEST

320.0"_. Oh PHOpUI_ION

3?0.03.03 AVIONICS

rACILIT.IE_ F_ALUATION/MODIYIOATIO_

320.06 FACILITIES

X X

X X

X X

X X

},11_ZION PI.ANNI_G

?20.11.01 X X S?"CIFIC
PLA:;:;I ?;G

•,T(-c ,....o.,IO,IGUFI'ORT

"i?O. I ]. 02 X X X X X
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SECTIO_I 6

COST DATA

This section contains cost estimates for each program phase (DDTSE},

production and operations) by WBS element and subdivisions of work.

Also included arez funding estimates for each pro_ramphase by

WBS elementl total program funding dlstribution_ cost per flight

data; and technical characteristics data.

.,. . ,.

Since subsection 6.2 contains first unit production costs through

Level 7 for WBS 320-03 Vehicle Main Stage on Cost Data Form A(2}

recurring (production}, the Level 7 information is not repeated by

itself in Subsection 6.8. Instead Subsection 6.8 is being used as

the most convenient location for the LEADER II cost model printout

for costs of each program phase and the oral program, as well

as_ costs for first production unit costs through Level 7_ and

Initial spares and operational spares costs through Level 6.



6.1 DDT&E PER _;BS ELEHENTS

This subsection contains cost estimates for each WBS element

through Level 7, as appropriate, displayed on Cost Data Form

A(1), nonrecurring (DDT&E). The definitions of each column are as

follows:

Identification Number:

to the item of cost.

WBS Identification:

item from the _'_S.

The appropriate WBS code corresponding

°

The alphanumeric nomenclature of the

_BS Level: The level at which the cost is accumulated:

Level 3 - Project

Level q - System/Module

Level 5 - Subsystem

Level 6 - Assembly

Level 7 - Component

Expected Cost: The cost estimate for the _S item• For

production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column,

Confidence Ratin_: The value of (I}, lowest, through (Q),

highest, representing the estimator's confidence in the

estimate shown in the WBS item cost column• The value is

obtained by reviewing the Government criteria contained

t



OPTION 3

INITIAL

C0ST DATA FORMS A(1)
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in Table 6.1-I and subjectively selecting the code con-

sid_red to be most applicable. At summary levels the

con£idence rating values are weighted averages of the

confidence ratings of constitutent WBS elements at

subordinate levels.

Td: The time in months required to perform an activity.

For nonrecurring (DDT&E) activity, the Td is the time

required from Authorization to Proceed (ATP) with PhaSe

C (nonrecurring/DDT_E) through completion of designs,

: development, test and evaluation, which usually is at

i FACI-First Article Configuration Inspection. Td for

; production generally is the time from the start of

: ground system installation and test procedures veri-

fication through completion of flight evaluation

and preparation of ground system and flight vehicles

for long term storage.

w

i

I

Ts- The lead time in months measured from the start of

Td to the Initial Operational Capability (IOC), the launch

milestone date.

Spread Function:. An index number representing a cost

distribution curve which the estimator recommends for

the time phasing of costs over the Td time span. The

index number represents the percentage of total cost

_(of the WBS item for the program phase) expected to be

At summary

levels the spread functions are weighted averages of the
.I
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spread functions

levels.

of constituent WBS
elements at subordinate

_P

V



_.2 PRODUCTIO_I PER WBS ELE!IE_ITS

This subsection contains cost estimates for each WBS element through

Level 7, as appropriate, displayed on Cost Data Form A(2), recurring

(production)• The definitions of each colum are as follows:

Identification Number: The appropriate _S code corresponding

to the item of cost•

WBS Identification: The alphanumeric nomenclature of the

item from the WBS.

WBS Level: The level at which the cost is accumulated:

Level 3 - Project

Level 4 - System/Module

Level 5 - Subsystem

Level 6 - Assembly

Level 7 - Component

First Unit (TI) Cost: The production cost of the theoretical

first hardware unit. It is considered to be the y-axis inter-

cept of the learning curve on a log-log plot. The LEADER II

cost model prints out this cost under the title of "Memo TI"

for WBS 320-03 Vehicle Main Stage and subordinate elements

thereof.

Number of Units: The quantity of units for each WBS item

used in the production and operations phases of the program.

Expected Cost: The cost estimate for the WBS item. For

o

9
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production and operations items, the lqBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.

Reference Unit: The production sequence number of the
.,., . i i

first unit that is used in the recurring phase of the

program. --

Confidence Ratin_: A value of (I), lowest, through (q),

highest, representing the estimators confidence in the

estimate shown in the WBS item cost column. The value is

obtained by reviewing the Government criteria contained

in Table 6o.2-I and subjectively selecting the code con-

sidered to be most applicable° At summary levels the

confidence rating values are weighted averages of the

confidence ratings of constituent _S elements at

subordinate levels.

Reference Unit Cost: The cost of the reference unit. At
i i ii

subordinate levels the cost is the specific cost of the

reference unit. At summary levels the cost is the

_Ighted average of the constituent subordinate reference

units.

Td:The time in months required to perform an activity.

For nonrecurring (DDT&E) activity, the Td is the time re-

qulred from Authorization to Proceed (ATP) with Phase C

ment, test and evaluation, which usually is at FACI-First

 -IE
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Article Configuration Inspection. Td°for production generally

is the time from PDR-Preliminary Design Release through

fllght article(s) assembly and acceptance. Td for operations

generally is the time from the start of ground system install-

atlon and test procedures verification through completion of

flight evaluation and preparation of ground system and flight

vehicles for long term storage.

Ts: The lead time in months is measured from the start of

Td to the Initial Operational Capability (IOC). The

launch milestone date,

Spread Function: An index number representinq a cost

distribution curve which theestimator recommends for the

time phasing of costs over the Td time span. The index

n_er represents the percentage of total cost {of the

p

WBS item for the program phase) expected to be expended

in 50 percent of the Td time span. At summary levels

the spread functions are weighted averages of the spread

functions of constituent WBS elements at subordinate levels.

Learnln_ Index: A numerlcal index of a learning rate

related to the recurring cost. A straight line cumulative

average index is used in these calculations. At summary

levels the learning indices of constituent_BS elements

at subordinate levels. /

Launch Milestone Date: The date used in conjunction with Ts.



6.3 OPERATIONS PER WBS ELE'_V'_TS
[

This subsection contains cost estimates for each WBS element

through Level 6, as appropriate, displayed on Cost Data Form A(3),

recurring (operations).

follows:

The definitions of each column is as

i

Identification Number: The appropriate WBS code correspond-

ing to the item of cost.

WBS Identification: The alphanumeric nomenclature of the

item from the WBS.

WBS Level: The level at which the cost is accumulatedz

Level 3

Level 4

Level 5

Level 6

Level 7

Project

System/Module

Subsystem

Assembly

Component

Number of Units: The quantity of units for each WBS item

used in the production and operations phases of the program.

Expected Cost: The cost estimate for the _BS item. For

production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.

Reference Unit: The production sequence number of the
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first unit that is used in the recurring phase of the

program.
!

W

Confidence Ratin_: A value of {I), lowest, through (q),
xu

highest, representing the estimator's confidence in the

estimate shown in the _'_S item cost colum. The value is

obtained by reviewing the Government criteria contained

in Table 6.3-I and subjectively selecting the code con-

sldered to be most applicable. At summary levels the

confidence rating values are weighted averages of the

confidence ratings of constituent WBS elements at sub-

ordinate levels.

%

Reference Unit Cost: The cost of the reference unit. At

subordinate levels the cost is the specific cost of the

reference unit. At summary levels the cost is the weighted

average of the constituent subordinate reference units.

Td: The time in months required to perform an activity. For

nonrecurring (DDTSE activity, the Td is the time required from

Authorization to Proceed (ATP) with Phase C (nonrecurring/

DDT&E} through completion of designs, development, test and

evaluation, which usually is at FACI-First Article Config-

uration Inspection. Td for production generally is the time

from PDR-Preliminary Design Release through flight article(s)

assembly and acceptance. Td for operation s generally is

the time from the start of ground system installation and

test procedures verification through completion of flight

evaluation and preparation of ground system and flight
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°o

vehicles for long term storage.

Ts: The lead time An months measured from the start of Td

to the Initial Operational Capability (IOC), the launch

milestone date.

Spread Function: An index number representing a cost

distribution curve which the estimator recommends for the

time phasing of costs over the Td time span. The index.

number represents the percentage of total cost (of the

WBS item for the program phase) expected to be expended

in 50 percent of the Td time span. At summary levels

the spread functions are weighted averages ofthe spread

functions of constituent I_S elements at subordinate

levels.

Learning Index: A numerical index of a learning rate re-

lated to the recurring cost. A straight line cumulative

average index is used in these calculations, At summary

levels the learning index is the weighted average of the

learning indices of constituent IqBS elements at subordinate

levels.

Launch rlilestone Date: The date used in conjunction with Ts.

W

First Unit (T.1) Cost:
I | wl

First Ilardware Unit.

of. the learning curve on a Log-Log plot. The LEADER II Cost

Model prints out this cost under the title of mMemo TIm for

WBS 320-03-Vehicle Main Stage and subordinate elements thereof.

The production Cost of the theoretical

It is considered to be the y-axls intercept

t W

O"



6.4 DDT&E Fundin_ Distribution

This subsectioncontains the tlme-Phaseed cost _stimates required

to a¢complishthe DDT&E phase of the program for each WBS elemento

Funding by Government Fiscal Year is displayed on Cost Data Form-C

through _gBS Level 7.

_-/oO
W
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6.5 Production Fundin_ Distribution
, ,,

This subsection contains the time-phased cost estimates to accom, piish

the Production phase of the program for each WBS element. Funding

by Government Fiscal Year is displayed on Cost Data Form-C through

WBS Level 7.
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6.6 Operations Funding Distribution

This subsection contains the time-phased cost estimates required

to accomplish the Operations phase of the program for each T_BS

element. Funding by Government Fiscal Year is displayed on Cost

Data Form C through WBS Level 6, except for recurring software

for the Data Management Assembly (_BS 320-03-03-01-05) which is

reported and funded at Level 7.
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6.7 Total Proaram Fundinc Distribution
ii ' r . i

This subsection presents sun,mary charts for the following WBS

elements:

WBS No. Level Identification

320

320-03

320-04

320-07

320-08

320-03-01

320-03-02

320-03-03

320-03-04

320-03-05.

320-03-09

3

q

q

q

5

5

5

5

S

5

Total Space Tug Pro_ect

Vehicle Main Stage

Vehicle Auxiliary Stage

Ground Support Equipment

Vehicle Test

Structures

Thermal Control

Avionics

Propulsion

Orbiter Interface

Final Assembly and Checkout

Each summary chart highlights the relationship of cost estimates

to technical characteristics and schedules. It also presents

an overview of the funding annually and cumulatively by Govern-

ment Fiscal Year.

No summary chart is presented for WBS 320-03-06 - Drop Tanks, since

no drop tanks are required or costed for this program option.
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6.8 _!rst Unit Production Cost per 9mS

It is understood that the intent of this subsection is a presen-

tation of first unit production costs through WBS Level 7. Since

these costs are presented as part of Cost Data Form-A (2) recurring

(Production) in sub_ection 6.2 above, reference is made _o that

subsection rather tha n merely duplicate the Level-7 data in this

subsection.

Instead, this subsection is being used as the most convenient

location for the LEADER II cost model printout for costs of each

program phase and the total program, as well as costs for first

production unit costs through Level 7, and initial spares and

operational spares costs through Level 6.
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6.9 Cost Per F li_ht

Cost per flight values have been calculated and are reported

in accordance with letter No. PD-TUG-P(0_5-7_), dated 3 August k

1973, from the Chairman, Programmatics/Cost Panel to the C OR's. The

costs per flight are presented by Agency (NASA/DOD) and by Flight Mode.

Since no DOD flights require either an expended Tuu or an expended

auxiliary statue, no DOD cost per flight sheets have been included

for Mode-2 and '_od-3.

j



• AVEFJT, E COST PER FLIGIIT

4.

T_l;5/Shuttle mating and checkout

TL_,/Payload mating and checkout

Prelaunch checkout

Cow, tdown

Propellant and Gases

Post fli6ht safing

Site sel_ices 8_d support

p_I_:TEN.A/ICE A2;D RETOR,BIS}_.[E:IT

Scheduled maintenance and refurbis.h/nent

Unscheduled maintenance and refurbishment

Tug enzine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

z4 z,/z.

z_,, ._/7.

6,S',o

2,/2_

TOTAT, SROI£;D rr,-,-,_,j,_.._...:-u,,o_(Launch and Ma!ntene.nce and Refurbis_.-.ent)

FLTGH'£ OP]':RATIO];_;

Mission pla::ning

Flight control

Fli£ht evaluation

Fli6ht software

OP_:RATIO]:S S'JPPO]:T

Airborne softwa_-e update

GSE maintenance

-qust aininG engineering

Progr&.n m_,nag _ment

Tr_msportation and handling

Inventory control and warehousinz

Facilities m_d ntcnance

GSE software update

L.'Z_.P-.:':DA_L!.:VEHICLE ,'.'AINSTAGE

$ +/2,Zoo

$

_l._.& _ o

,_, ZoZ.

W< Loz.

z2, _7_

/,zz_

,Z,_'_

}-(P:.... )A..I,:.VEHICLE AIJXILIARY _e_,A<,_"-'.

AGenCY _'_/> _

PROGP_4 OPTION -_'_"

$ Z;_, "- "

_£,/,.L AVEPIG]] PER Fi,IG}IT COST $ /,.a_5, zz



AVERAGE COST PER FLIGHT -_

" " ", '" J_',,_ 6 EMODE / /"< ",,_.; ,,,',,_/. ,-.. ¢ .... ."c':

J.AU'ICH OP;-;_?Ag[O_IS

Tug/Shuttle mating and checkout

Tu_/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and zupport

MAI _:TENICI_,TM A'JD RE:-L'.'"T.S_L'._X,;T

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment-

Tug vehicle spares

Tug engine spares

Post maintenar, ce checkout

Refurbishment requirements planning

Depot maintenance

.47, _5".

_,Vz?

AGENCY /./z2'-'./l

PROGRAM CIPTIo;i

$ zo (.,, _,<_,1

_,iV5

&Fly'

lZ _, ,,s&

TOTAl, OROIZID ,",'_--#^_"r,',-.a._.r_..,_A.,.,_,o (Launch and Maintenance and Refurbisb, ment) $

FLIGI_ OPERDT[O:IS

Mission planning

Flight control

Flight evaluation

Flight softvare

OPLTL-',TIO;_S SLE"_.)O..n'/T

Airborne software update

GSE maint on&nee

Sustainin_ engineering

Program man&g _ment

Transportation and handling

_nventory control and warehousing

Facilities maintenance

GSE software update

LT,P2:'IDABLE %_,.llCLE :._I_I STAGE

II I #"/'_ _ #_

$

Ill _o o

ZO_oO

/,o _v'

Z_ o ,,'o

20, 7¢o

/z 4 72"

$ Z'_ _ 7,,6,

EXPE'IDA!H,;_ VEI:ICLE AUXILIARY STAGE

$

2/-

$

5\3TAL AVI;,_AG-".PER FLIGI_£ COST 0-t ".....



• ".._ 2., . "°

AVERAGE COST PER FLIGHT

Tu_z/Shuttle mating and checkout

Tu,_/Payload mztj.ng and checkout

],relauneh chechout

Countdown

Propellant and gases

Post flight safing

Site services and support

MA] :,'TEIUUICE A'JD RE.-_URB!SH;'..LIT

Scheduled maintenance and refurbishment

Unscheduled maintenance and relktrbis,_,ment

Tug engine ;uaintenance and refurbis}_ent

Tug vehicle spares

Tug engine spares

Post maintens_ce chechout

Refurbishment require_ments planning,

_ _ z_,o:_,"

3% 57:

_,[z7

AGENCY 41:/:/i

PROG]b_.! OFflO;i -"':

$ .:.'_r;, o,_',/

,11

Depot mainten_-z_c e

TOTAL GRO_:D _,_'_':,.;...x_.,,)_'_(L,-unch and _.'aintenance and RefurbisD2nent) $ z_# a J,/

FLIGHT OPk_'AT IO::S

Mission planning

Flight control

_I i ght eva] u:_tion

Fli6ht soft:_'._re

O:,'E}{ATIO::S S'TP_F.T

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and _arohousing

Facilities m&int enance

GSE software update

EXP;';NDABLE VE}{IC!;E VAIN STAGE

..L_PEYDABLE VSh'ICLE AUXILIARY STAGE

$ #_ :o0

v_, :oo

_0, _0o

/Z/_ 22

, , i

TOT/U, AVERAGE PER FLIGHT COST



MDDE -'

AVE£_iGECOST PER FLIG}_

LAt _4CH OPERATIO;IS

T_z/Sl.uttlc mating and checkout

Tug/Payload mating m_d checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTE_.J/uNCE A'_ RE._TRBIS}_._r£

Schedmml_d maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine ma/ntenance and refurbishment

Tug vehicle spares

Tu_ engine spares

Post ma/ntenance checkout

Refurbishment requirements planning

Z/. 2Vz

|,

i ill i i

_,5"/0

_% _¢z

$
_,&&V

Z/,S/ :

, l

Z,/7 5"

Depot maintenance Zz ._.,_J Z.

TO'._/J_GROLC;D c:_'_"° (Launch and Maintenance and Refurbishment) $

H,IG}_ OPERATIOI[S

Mission planning

Flight control

Flight evaluation "

Flight software

OPERATIO_fS SUPPORT .

Airborne software update

GSE maintenance

Sustaining engineerimg

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE softvare update

EXPEND/uBLE V_TICLE MAIN STAGE

EXPET;DABLE VEIIICL? ^UXTT,TARy STAGE

$ 4/_ 2_

/::, ,a_o

_:, Io o

$ /_ Zo2__

,|

i

Lzz_

I
........ P-- .

AGENCY _///a,,

PROGRAM OPTIOIi

$ /_'_,,r:.l

$

.... I

.2, ,.t .._

$ • ZJZ,:s o
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AVERAGE COST PER FLICHT

LAt_ICH OPEI{ATIO.'NS

_ug/Shuttl9 mating and checkout

Tug/Payload mating and checkout

Prelaur.ch checkout

Countdown

Propellant and gases

Post flight saflng

Site services and support

1.t.AINTE_,d,_.NCE MID RE._JRBISI_

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spa_es

Tug engine spares

Post ma/ntenance checkout

Refurbishment requirements planning

$ iZ _ ",'_

$

ill i

_,¢z7

Z7,/_9

cz,v_ _
i

9_,_
l

AG_ICY IJ,7:_/;

.PROGram/4 OPTION ?t"

$ ..... _0 &,o_d
I i J I i i 1,m

90, _o5"

-_,"Jz5

Depot maintenance s _ _ /#_

TOTtJ, GROLU;D OPERATIO:IS (Launch and Maintenance and Refurbisb.nent) $

I,%101._ OP :-2b_TIONS

• Mission planning

Flight control

Flight evaluation '

Flight software

OPERATIO'TS SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE VEq{ICLE MAIN STAGE

EXPENDABLE VF_IICLE AUXILIARY STAGE

VJ ")¢o

$ io,o2_

/,o_J ";"

ZS_,o _o

Za, 7f_
| i

_o

,i, zJ

$

$

$

$

TOTAL AVERAGE PER FLIG]_ COST
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A%_'_,AGE C,3S7' PER FLIGHT ....

LAI:.'C}IOi'ViL,'C'IO:T',;

Tu_,/Shuttle mating and checkout

Tug/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safin_

Site services and support

)/JJ;;TE:I;U¢CE AT:D RE-_JRBIS:_IEI'T

Scheduled n.'e-intenance and refurbis.hment

Unscheduled i.'aintenancc and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post mainten,'.uce checkout

Refurbishment requirements planning

Depot maintenance

$ /_ S_7

g z,/o

?Z _S_

/,/,9tz

F,'2
F

f2._,_'_/

TOT/J, GROIP.TD OP}:T::AT!O:_C,(L.nunch and l.lalntenance and Refurbishment)

F%IGIIT OFk_.AT!O'IS

Mission planning

Flight control

Flight evaluation

Flight soft%,are

OPi;RATIO;IS SUP F-O.'-,-C2

Airborne software update

GSE maintenance

Sustaining en<_ineering

Program management

Transportation andhandling

Inventory control and warehousing

Facilities mad nt enance

GSE software update

}_PE:IDABLE VT.?!{ICLE..t_,.lSTAGE

_,XP:.:ID,,BI,r,v--:-IpT._-.ll',, [" TADY STAGE

$ 4_',/oo

AOmC_ -_

PROGRA/4 OFTION
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£

$

/, ZoG

/g, 5"V/

1¢ ggl

Z/,Z5 z
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AVERAGE COST PER FLIGHT

I,A:::JC!{ OPF}_ATIO:iS

Tug/Shuttle mating and checkout $

_k)g/Paylo_d mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTE:'A'._CE A2_D RT;FURB!S:C.rE:[T

Scheduled maintenance and refurbishment $

Unscheduled maintenance and refurbis_,.ment

Tug engine maintenance and refurbishment

Tug, vehicle spares

Tug engine spares

Post maintenen%ce checkout

Refurbis.hment requirements planning

Depot maintenance

TOTAL GROLU;D CPEPATIO::S

FLIGHT 0PERATIO:,S

Mission planning $

Flight control

Flight evaluation

Flight software

OPE!_,ATiO:'S SUP PO _L'_P

Airborne software update $

GSE maint enance.

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

Ekq'ENDABLE _£HICLE VAIN STAGE

k"XPENDABLE VEHICL}: AUXILII,_RY STAGE

zz,Io-_

gZ, Tf#

2&,_ 25"

9/,/o_

3,?/2

_,7v5

ACm:CY _-:'

$ /:7,';_:"

(Launch and Maintenance and Refurbisk_,lent) $

5"£/q o o

ZZ, I_

I0_/VJ

106 o

_;_ ZoO
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AV£RAGE COST PS"R FLIGHT

LAI_[CH O])}:RATIO:LG

Tug/Shuttle mating and checkout

Tug/Payload mating and checkout

Prelaunch checkout

C6untdowu

Propellant and gases

Post flight safing

Site services and support

M__INT_Lq;CE _;D RE:-_JRBIS]W._T

Schedt__led ma/ntenance and rcfurbishmcn%

Unscheduled maintenance and refurbishment

Tu,_ engine main%enance and refurbishment

Tu_{ vehicle spares

Tuz engine spares

Post maintenance checkout

Refurbishment requircments planning

Depot. maintenance

z ._ z_J

$

¢, "2_.I

Z_/,z

_I /0*2
(-" •

2Z, _5_

ZZ; +/o l
"#s

C..--:,_,_..0_,,.)(Launch and Maintenance and Refurbis_-ent) $TOTAL CF,OU_:D _--_,_ -,o

FLICIFf Of::R,ATIO;;S

Mi:_sion planning

Flight control

Flight evaluation

Flight software

OPE_>,ATiONS SUPPOI_r

Airborne soft_;are update

GSE maintenance

Sustaining engineering

Program management

Transportation and handli_

Inventory control and warehousing

Facilities maintenance

GSE software update

FDfPS".:DAP,LE V_.TICI,E :'AIN STAGE

F.XP}.:,'IDABLEV.EIIICLE fJIYILIARY STAGE

$

/2/ Z_o

4"/ jc o
, i

#

..4-', ,:7,':.)

/o cog

IZi_<t l
|

l_:,-pl

24 z_,z

!

PROGRAM OPTION
I

$ ," r-3, _.-_9

/'

$

$

$

T(YgAL AWEI:AGE PER FI,ICilT COS'i: $ 6,/Y-. / Z, 72,_
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6.10 Subdivisions of Wo_:h (Form T)

Provided in this subsection on Data Form T are the subdivisions

of work as defined in the following Government-furnished docu-

ments:

Data Package - Space Tug System Studies, dated April 1973.

Space Tug Systems Studies - _ork Breakdown Structure and

Dictionary, prepared by PD-TUG-P and dated 7 May 1973.

Estimated costs and hours are reported on Data Form-T for WBS

elements through Level 6, although the calculations are performed

through Level 7. The estimated costs and hours on Data Form-T are

consistent with the definitions in the Work Breakdown Structure

and Dictionary, as follows:

I. Engineering is the design, development, analysis, evaluation,

and redesign of TUG hardware, GSE, and associated planning and

analysis activities. It includes such activities as configuration

management, the preparation of specifications, drawings, parts

lists, wiring diagrams, technical coordination between engineering

and other activities, facilities engineering, vendor coordination,

test planning and scheduling, analysis of test results, safety

analysis, data reduction and engineering report preparation.

It also includes the engineering activities required to support

Production and the Operational phases. Materials and subcontracts

associated with the above activities are included.

0 Manufacturin_ includes product and materials receiving, ware-
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housing, fabrication, processing, assembly installation, reworking,

modifications, experimental production, shop support to engineering

checkout, preparation of hardware for shipping and preparation of

necessary manufacturing associated paper work. Includes quality

control and inspection activities. This Subdivision of Work (SOW}

also includes technicians who support various test operations as

as launch operations and refurbishment activities. Materials and

subcontracts associated with the above activities are included.

3. Toolln_ and ST E includes planning, design, fabrication,

quality control and inspection, modification, maintenance, and

rework of all tools, dies, jigs, fixtures, gauges, handling

equipment, _rkplatforms, and test equipment and Special Test

Equipment (STE) in support of the manufacturing processo It

also includes _._itlng and planning tool orders, certification of

welding operations, maintalning tool and STE records, preparation

of templates, scheduling and controlling all tool and STEorders,

programming and preparation of tapes for all numerically controlled

maqhine parts, and calibration and periodic maintenance of produc-

tion and test tooling. It also includes the necessary tooling

maintenance for the Production and Operational phases. Materials

and subcontracts associated with the above activities are included.

/

• .

q. Quality and Reliabilit Y Assurance (QSRA) includes the establish-

ment of Q_RA policies, procedures and requirements; Q&RA review of

procurement requests and plans; test plans from a Q_RA standpoint

and Q6RA report preparation. Develops QSRA training plans and

certification of quality control personnel. Also includes failure

revlew, analysis and reporting. Materials and subcontracts associ-



ated with the above activities are included.

5. Testing involves the investigations on all components, assemblies_

subsystems, and systems to determine operationa_i characteristics, verify

the suitability in meeting the required criteria, and assure compat-

iabillty with the overall system and its intended operational/nonoper-

ational environment. Such tests include design feasibility test,

qualification test, design verification tests, reliability tests, and

bench functional and environmental tests. Monitoring tests, data

reduction, and report preparation are also incldded. Materials and

subcontracts associated with the above activities are included.

6. Mana@ement/Other includes all management and administrative

effort for planning, organizing, coordinating, directing, controlling,

and approving that is required to accomplish the program objectives.

Other items not included in the preceding subdivisions should be in-

cluded in this item where possible. Materials and subcontracts associ-

ated with the above activities are included.

The "total costs" shown on Data Form-T are the same as the "expected

costs" presented on Cost Data Form-A, which in turn are time-phased

on Cost Data Form-C.



6.11 Technical Charactoristics Data (Form-B}

This subsection presents on Data Form-B the technical, physical

and mission characteristics which have a significant effeot

on the cost of an item. As required, Data Form'!B contains

parameters that have been utilized in generating the cost-estlmates.

The data in Form-B complies with the following stipulatlon in

Data Requirement Document MF-003M dated 7 May 1971: "Since the

TCD is used for cost parameter purposes, it is not necessary that

the sums of the lower level individual characteristlcs, such as

weight or volume, equal the total weight or volume of the higher

level _S item."

In addition to, and/or in conjunction with, the parameters stated on

Data Form-B, the following factors are reflected in the estimated

costs :

Technology

Size/Shape/Materials/Weight

Fabrication/Assembly Methods

Tooling Requirements

Quantities - Subsystems/Flight Articles

Commonality

Maintainability

Test Philosophy

Complexity/_orkability .P
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Sectlon 7

FLIGHT SCHEDULES

This section presents progra_atics input data in the form of flight schedules

for Option 1 (Tables 7-1 through 7-5), a flight requirement sumnary (Table T-6)

depicting the annual flight composition, and a Tug fleet utilization schedule

(Table 7-7). The flight schedules are provided in accordance with the

formatting instructions contained in NASA letter PD-TUG-P (028-7_).

These data were generated by mission accomplishment analysis in conjunction with

ground launch/refurbishment and mission operations time line and turnaround

analyses. Supporting details of these analyses are reported in Volume _,

Mission Accomplishment.

The ms_or influence on fleet sizing is the number of expendable Tug missions

required. A contributing factor is the number of vehicles to be provided for

contingency (expected reliability losses based on one loss per 100 vehicle

flights). For Option, S these considerations result in a total fleet buy of

5 Increment I vehicles and 11 Increment II vehicles.
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Seetlon 8

COST S_SITIVITIE8 FOR THE PROGR_ OPTION

This section presents the results of cost sensitivities analyses for the

follovtng primary pro_sm options defined for the Tug Progra: Option No.

• _vo year I_ delay

• 3500 pound retrieval capability.

3:

Tvo Year IOC Dela_

The obJectiTes of this analysis involved an examination of techniques to lover

peak annual funding while maintaining reamonably 1or I_T&E costs and an attempt

to optimize the required program ATP date. Reference is made to Subsection 11.6

which presents the methodology and cost and funding impacts which result from

varying the IOC dates. The data in the following paragraphs have been extracted

from Subsection 11.6.

i

8.1 IHPACT ON DDThg

A two year delay in IOC for the Initial phase vould result in a 17.5 percent

increase in DDT&E costs, from $190.0 million to $218.6:1ilion -- an increase

of $28.6 million, This assumes that the October 1975 ATP date is retained

vhile the IOC date is delayed tvo years. The analysis has determined that

DDT&E cost is increased by 3.5 percent, or $6 million, to $196 million if the

ATP date is delayed to October 1976. Since the latter ease also involved the
il

1crest maximum cost risked to meet schedules, it vould be recommended from a

DDT&E cost standpoint. No significant difference was identified fr_ the Final

phase schedule coaparison.

8.2 IMPACT ON PRODUCTION

A two year delay in IOC (actually 20 months) vould result in L 33 percent

increase in the project level value for total production costs -- a $19.5 million

increase from $58.5 million to $78.5 million. For the Final configuration,

the increase mounted to $_.8 or_ percent -- $120.5 million versus $125.3

million.

8.3 IMPACT ON OPERATIONS

Schedule impacts on operations costs were quantified on the basis of the varia-

_,_o .. ,_-u_. u, AA_Sn_s a_ _he averse cos_ per flight value. The two year



IOC delay would increase the number of flights for the Initial phase by 102 --

83 versus 18.5 and would reduce the number of flights by 126 for the Final

phase -- 287 versus 161. The net result was an increase of $19.3 million for

the total project.

8.4 IMPACT ON FUNDING

DDT_E

Figure 8._-i presents the comparative DDT&E funding i_pacts of the two year

IOC delay for both program phases. For the total project, the peak funding

year would move from GFY 1978 to GFY 1980, and peak year funding would be

reduced fr_n $66.6 million to $63.2 million -- a 5 percent reduction.

Production

Figure 8.4-2 illustrates the comparative production funding impacts of the

two year IOC dels_v for both program phases. The peak funding year would

move from GFY 1983 for the total project to GFY 1985, but the peak funding

would be increased by iS percent, from $48.7 million to $55.1 million.

Operations

Figure 8.4-3 compares the total project relative funding for the two year IOC

delay and the baseline. These differences are reflected in the funding curves.

Total Project

Figure 8.4-4 and Table 8._-i present the total proJec_ comparison of the two

year IOC delay with the baseline. This case would move the funding peak year

from GFY 1981 to GFY 1985 andwould increase peak year funding by 26 percent

or $23.2 million, from $90.2 million to $113.4 million. The only real advantages

observed are decreased funding requirements in the early years of the program.

• 3500 Pound Retrieval Capability

As assessment was made (reference Volume 5) of the impact of incorporating the

changes to enable the Option 3 vehicle to retrieve 3900 pounds of payload

identified as Option 33.

8.1 IMPACT ON DDT&E

The significant cost differences between the Option 3 and Option 33 programs.

are shown in the tabulation below. The most significant difference is the DDT&E
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increase for the development effort on the Category IIA RLI0 main engine.

Engine cost data provided by the Government show Category IIA RLI0 DDT&E

cost of $50 millions as compared to $13 millions for the Category I RLI0.

The main engine static firing test program cost bases were the data developed

for the Option 2 program related to the main engine testing modified to re-

flect the Option 3 hardware costs. The static firing test program costs are

shown in Table 8.1-1. The total DDT&E cost increase is $40 million with the

majority of this expenditure in the early part of the development program.

Option 33 Cost Differences

DDT E A Cost

Engine 37.00

Feed System 0.80

Static Firing Test (PTV) 5.33

Pressurization -3.20

TOTAL 39.93

8.2 IMPACT ON PRODUCTION

The production costs of the Option 33 program are about $15 millions lower

than the Option 3 program due primarily to the need for a fleet of I0 final

configuration Tugs as cempared to ii final configuration Tugs for Option 3.

A small additional decrease in production cost is gained over the Option 3

program due to the elimination of the pressurization system in Option 33.

DDT_E

i Less Tug

i0 Less Pressurization System

A Cost ($M)

-15.0

-0.3

TOTAL -15.3

8.3 IMPACT ON OPERATIONS

The operations costs change results from the reduction in the number of

flights. The number of flights and also the active fleet size are both

reduced about l0 percent, thus a reduction of the total operations cost

by proportional to the number of flights reduced appeared to be a valid

difference between Option 3 and 3S.



Operations A Cost ($M)

3M less flights 34 x .98 = -33.2

TOTAL -33.2

8.4 IMPACT ON FinDING

No fUnding impact was determined because of minimal impact to tatal program

cost. The total program cost difference of -$8.57 million is negligible

(about i percent) when considering only the direct Tu_ program costs.

However, the inclusion of Shuttle launch costs related to the decrease in

the number of Tug flights required (3_ x $10.5 millions = $357 millions)

would show the increased capability Option 3S to be the more cost effective

on a total program basis.
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RISK ASSESSMENT

The following paragraph Is quoted dlrectly from the Statement of Nork:

5.4.1.1 Project Assessment

"The contractor shall conduct a study to identify all development

risk (technical and cost) uncertainties involved with eacll concept and

option studied. An assessment of the operations and capabllities risks

of developingvarlous Tug configurations for various levels of develop-

merit costs will be made. Technical and programmatic uncertainties that

could significantly affect the schedules, costs, or that could result in

failure to achieve any vital capability requirement_ will be identified

and discussed. Special consideration should be given critical technology

areas, critical design factors (e.g., mass fraction), off-the-shelf vs.

new hardware development, design sensitivities, etc. This activity will

be conducted throughout the study and will be coordinated closely wlth

all other tasks at appropriate times."

To quantify the technical, cost, and schedule uncertainties, requested above,

MDAC-W used a Risk Assessment Scoring Guide (see the accompanying Tables). This

guide provides a range of values from 0 to 10, i.e., "no risk" to "high risk" for

different defined levels of the following four criteria: estimating conditions;

nature of the item; item description; and method of analysis and data. Using

the Risk Assessment Scoring Guide, multi-dlscipline teams (representing the

engineering teclmologies, manufacturing, test, logistics, safety, rellahillty,

ground and f11ght operations, cost, schedule, and programmanagement exnerts,

as appropriate) assigned risk values to each of the |_BS elements at the lowest

level considered meaningful. Separate data sheets were develo_d for each program

option for the DDT&E, the production, and the operational phases.

The rlsk values assigned at the Imver WBS levels were summarized to the subsystems

level, the systems level, and then the project level. Any rIBS element receiving

a risk value of 5 or higher is discussed, and the reasons for the moderate to high

risk value documented. NOTE: The highest rlsk value assigned at the 1_ver WBS

level is the risk value carried forward at the summary NBS level.
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•RISK ASSESSMENT SUMMARY

PHASED PROGRAM OPTION 3

The Space Tug project is in the early stages of program definition (Phase A).

We are confident that as definition of the hardware, software, and program-

matics evolve, that the risk values identified will diminish significantly.

Therefore, we assess Program Option 3 as a moderately low risk program.

0n a scale of 0 to i0 (i.e., low risk to high risk, respectively) the average

life-cycle risk values for Options 3 Initial/3 Final ars: 2.h/2.5 for Cost;

2.0/2.4 for Schedule; and 2.7/3.1 fo_ Technical performance. (Refer to RISK

ASSESSMENT SUMMARY, Table 9-5 and 9-15). These relatively low risk values mean

that the multi-discipline team of experts, who have assessed the uncertainties

in accomplishing the cost, schedule, and technical objectives and assigned the

risk values, have a moderately high degree of confidence that all objectives

will be met for every WBS element in every phase of the project. Their collective

Judgments are based on the following:

i) Specifications on similar hardware and software items are available;

2) The hardware and software subsystems/componentsare well within the

state-of-the-art and (as a minimum) prototype items have been

produced (in many cases off-the-shelf hardware is selected);

3) The estimating ground rules and assumptions were generally adequate

although subject to some question; and

h) The data have generally been obtained from reliable sources.

In the risk Assessment Data Sheets (Table 9-6 and 9-16) a narrative risk assessment

is provided for all cost, schedule, and technical risk values of 5 or greater.

It is significant that most of the moderate to high risk values shown are due to

the preliminary or incomplete nature of the information available and are not

due to technical or capability uncertainties. Therefcre, as further definition

of the program evolves, we can expect a corresponding decrease in all risk values. 4
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Table 9-5

RISK ASSESSMENT SUMMARY PROGRAM OPTION 3I

Risk Values (0 = Low; 10 -- Hi_ Risk)

, i t

Project; Phase

i e tl i

Cost

i It t i t t i t

Risk Area
i t i

Schedule
i I •

DDT&E

PROD

OPNS

Average Life Cycle
Risk Values

t

2.9

2.2

2.1

2.1_

1.9

1.7

2.3

2.0

i t | t !

Technical
e e t t t

3.2

2.11

2.6

2.7
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Table 9-15

RISK ASSESSMENT SU)_4ARY PROGRAM OPTION 3F

(--,
/,

Risk Values (0 = Low; 10 - High Risk)

11 I I I I

R_sE Area
i i

_mJect Phase Cost, Schedule Technical

DDT&E 3•0 2.3 3•3

PROD 2.3 2.2 3 •0

01_S 2.1 2.6 2.9

ATerage Life Cycle 2._ 2._ 3.1
Risk Values
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Section i0

SUPPORTING RESEARCH AND TECHNOLOGY (SR&T)

The SR&T requirements for Option 3 are shown in Table I0-i.

The first it_,, development of potential hazard/failure detection

techniques, relates to safety and is applicable to any Tug program,

regardless of funding constraints or phasing. The second item relates

to establishing basic data required to develop an effective thermal

control system. The dollars shown are a stm_ation of the thermal

control requirements for both the initial and final configurations.

The remaining items in the avionics area are required for the final

configuration. In the G&C area, star tracker self-check and IMU

self-calibration are neede_t to reduce maintenance costs. Laser radar

rendezvous/docking techniques need substantial advancement before final

definition for the Tug. Performance is the primary offshoot of

improving fuel cell specifics.

The SR&T for the option represents Just over 5% of total program DDT&E.

The following paragraphs give a more detailed explanation of the SRWE

item identified in the table.

i0.i STRUCTURES

i0. i.i Develop Potential l_zar_/Failure Detection Techniques

Tec_lology Deficiencies

Shuttle and Shuttle payloads present new challenges in reliability and

safety requirements because of the necessity of reusable space
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translx)rt_bion elt_,ents. In currer, t, space missions such as Skylab, to,'

example, only limited attention was given to failure detection tech-

niques for overboard or on-board leaks which might present a toxic,

fire, or explosion hazard. A comprehensive study program on a damage

control system for leaks was carried out by MDAC in 1970-72 for the

i0 year Space Station. (NASI-10184 and NASI-10840) The results of

this program provides the basis for identifying failure detection

techniques for future space systems.

The Space Tug in terms of hazards and failure modes presents a major

safety threat as regards tank explosions and leaks leading to toxic/

fire effects and _as explosions damaging the Orbiter. In addition to

the major [_)X/LH 2 tankage, similar considerations apply to ancillary

propellants, fuel cells, and general plumbing. For the Tug system,

conventional ground based NDE techniques are inadequate. What is

required is a permanently installed monitoring system which will give

early warning of leaks or precursor damage notes so as to allow effec-

tive remedial action to be taken.

A continuous monitoring system should perform a dual function:

(i) Monitor potential modes in space and (2) Function as part of the

ground checkout system prior to launch.

Re commended Solut ion (s)

A primary failure detection technique which shows great promise as

applied to Space Tug is the acoustic method. In-house MDAC research

has demonstrated the power of this method in detecting leaks and

precursor damage modes from a variety of fluids (gas and liquid)

including cryogens. Piezoelectric acoustic transducers permanently

mounted on tanks _ud related plumbing can perform in both a passive

and active mode. In the passive monitoring mode, a transducer array

10



c:m dctect and locate by triangu].atton techniques: (1) dynamic flaws

th'Lt can .l,:ad to leaks or catastrol_hic failtu'es. Acoustic emist_ion

burst:; arc emitted by dynamic flaws which can bc detected. (2)

l'hy_ical leak:;. The fluid leaking through the container will generate

a unique ultrasonic signal which propagates in the container wall and

is detected by transducers bonded to the wall. Active mode operation

is envisioned as being employed during ground checkout as part of NDE

operations. In this mode, lamb waves would be propagated in the tank

wall to detect flaws.

I

To complement the acoustic detection technique, a tape detection tech-

nique is judged promising for plumbing, valves, etc., where acoustic

signals may not be present. An example would be a leak from a flange

or heavily insulated pipe. For tape methods, electrical resistance,

color change, or blistering phenomena are all potentially useful.

Sc hedul e

The proposed schedule for this effort is shown on Table i0.I.i-i.

Level of Effort

The projected level of effort is based upon past experience on damage

control systems. For an 18 month program resulting in the development

and test of a prototype damage control system, funding requirements are

estimated at $750,000.

Manpower (6 man years/year)

Funding

Eng,rg + Technician

E_,ilm, ent + Materials

Miscellaneous (Travel Reports,

etc. )

18 Month Time Period

9 man years

$500,000

200,000

50,000

$750,000
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i0. 2 TI_._RMAL CONTROL

A survey of tile supporting research and.technology (SR&T) requirements

related to the insulation systems on the fuel and oxidizer tank was

accomplished. The areas identified in which further information is

required are shown in Tablel0.2-1 for both the 3I and 3F options. An

estimate of one year is needed for the SR&T effort associated with the

3I option and 1.5 years is estimated for the 3F option.

The effects of configuration variables on the thermal performance could

be accomplished with small samples on a calorimeter. The MDAC heat

flux gage calorimeter or 15" diameter cylindrical tank are examples of

calorimeters which could be used. These calorimeters are discussed in

References i, 2, and h. Several data points for each configuration

variable would be obtained to allow a more optimum design in future MLI

systems. The insulation referred to in the 3I option requirements in

Tablel0.2.1 is that between the LH 2 tank and the radiation barrier on

this tank. The effect of the standoff configuration, particularly the

height, needs to be considered in both the 3I and 3F options since

these are completely different types of standoffs, The effect of tank

leakage on thermal performance could also be determined in one of the

previously mentioned calorimeters. This data would provide a determin-

ation of the maximum allowable leakage from a tank.

The material property at LH 2 temperature of primary interest is

brittleness. Testing of the candidate materials to ensure selecting

materials which will maintain their structural integrity at LH 2 tem-

peratures is needed. Subjecting the candidate materials to the thermal

cycling anticipated in a reusable system is also needed to ensure proper

material selection for MLI applications of this type. Additional LH 2

temperature and thermal cycling tests will be required for the 3F

option since different materials are involved. Outgassing data on the

candidate materials will aid in material selection for MLI systems since

,'o-4
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Table i0.2.1

tll{&TIIEQUI I_I.IErlTS

3I OPTIOil hSt_l.l[ltf,ll..,,lJ,,

TI[EItI.1AL PI'.'IWOI{MAiiCi_: - k:l"l"i.: C[' OF COIlFIGURATIOII VAt(Ii'diLl::C,

(A) lllSUratTroil TIITCF_III'/';S (GROUND IIOLD PI':RIOD

]ll,:A'|'I[IG)

(B) ]:.II,_;ULA'I_.[ONMATERIAL

(C ) S'l.'A!'l I)0 I,'l,',_;

I.IATlt:RIALPT_OI>!,:I{'L'I},_:;

(A) a'[ Li,._'ri.;,'i>,:,IA_',,,,_S
(B) I]I,_,IC_01" TIII:;I(IIALCYCLING

PURGE BAG

(A) r.t,vr,..'n'[m,
(B) I"AIIIdCA'I.'[oI! TECliriIQUES

._, OPTI:O_I RE(_LIIIRI,:I,II.:!IT:;(Ill ADDITIOII TO ABOVE)

TI{EI_I,IAL I_I,.',I{i,'OI{I.IANt'E- I,;FI'I,:CT OF COBFIGURATION VAI¢IAhI,E_

(A) .i,lb! T!{!Ci_!.-'!,':".;

(B) r.Ihl IA':, !'l':tm'rmTIoz_
(c) t.lu JOl;_T-;

(I)) P,U_I.:L A'ttA('IIHijIT I[AP,DWAIIE

( E ) STAI#DOFI,'t;

TMIK LEAKAGE - I..'FFECP 1911 TIIEP, MAL P],:RFOI_,tANCE

MATEIIIAL PI{OI"EIITI P:t;

(A) AT 1.1l2 ']'I'H.II"EIIATIJIIE:I
(ll) F.FI,'I':C'i' t:l"'Tiil':ltllAl., (:YCLIIIG

( C ) OU'i'll;l:;S l ;l(l

(D) FA[PI'EIII,;li 1.1ATi':IIIAL

PUIIGI:: A/ID lgVACIJAT]OI/ ;JY:ITEI.I

(A) I'FFI,'oCI' O!" 17i'Aili.',OI;F DIIo'II.IIIG1011S

(li) lgl,'l,_i,'.t.:'l.'ot,' II1,I TII[CKi,II_:B',.;

(C) EI,'FI,;OT f)l,' l.':Ael.IA'l.'IO_l VALTI.'. I.,OCATIO_I 7UID .'._i7_I¢

TOTAL

$ (TIIOilSAIID)

5O

10

30

Y_

15

_5

30 ¸

_35



MLI requires a low outgassing rate for optimum in-space performance.

A study of potential fastener materials is needed to facilitate MLI

panel fabrication.

The effort needed for the purge bag includes both the evaluation of

candidate bag materials and the bag fabrication techniques. The

testing involved would include environmental testing of the bag

material and strength and leakage testing of the potential techniques

for joining the gore segments of the bag. The selection and attachment

of closures would also be considered.

The effects of several variables on the performance of the purge and

evacuation system when MLI is used need to be studied. This includes

the effect of the standoff dimensions (primarily the height) on both

the purge time required and the evacuation rate, the effect of MLI

thickness on both the purge time required and the evacuation rate,

and the effect of evacuation valve size and location on the evacuation

rate. This effort would involve analyses and subscale testing in a

flat panel configuration.

I0.3 AVIONICS

10.3.1 Star Tracker Self Check and Calibration

Technology Deficiencies

A limited m,nber of star trackers have been designed and flown on space

qualified programs. In most cases, the design was tailored to specific

user requirements. Consequently, prelaunch check out of the sensor was

performed using non deliverableGround Support Equipment (GSE). This

was only used as a go/no-go indicator. All calibration is done in the

laboratory. While no particular time constraint has been established



For recal.ibr_ttio),, manufacturers h:t_c suggested that the unit be

recalibraLed aL six month intervals. This, however, is based upon

shelf life only. Exposure to contamination, shock, and vibration

environments for each flight is expected to establish the need for

more frequent calibrations. In the initial flights, the optics should

be checked for effects of contamination and Shuttle launch environments.

Considering the turn around and reuse capabilities defined for the

Space Tug, a desirable feature is the ability to perform in place or

onboard ground calibration without removing the equipment from the

vehicle.

Recommended Solution

A method for onboard checkout of a strapdown star tracker is being

developed which .includes the capability to check the optics. Previous

built in test equipment only verified operation of the electronics.

The optical checkout is accomplished by using a light emitting diode

(LED) which is fiber optic coupled to the tracker. When the LED is

energized by an external command si6nal, a simulated star signal with

known position coordinates is presented on the image dissector. 'Fnis

measured simulated star signal is compared to the preset position data

and a No-Go output is generated if these data differ.

Extension of this technology to permit onboard calibration is recom-

mended. It is estimated this effort invloves an equivalent of $3

million over an 18 month period.



10.3.2 IMU Self Calibration

Technology Def Ic ienc ies

Strapdown IMUs presently utilized on spacecraft have no provision for onboard

calibration since present vehicles are not reusable. The IMU is normally

calibrated in a laboratory prior to launch. Most conventional inertial

instruments must be recalibrated every 90 to 120 days to assure proper per-

formance. However, exposure to the Shuttle shock, acoustic, and vibration

enviromuents are expected to reduce this interval. In the initial flights, the

IMU should be recalibrated subsequent to a fUll mission environment exposure to

verify structural integrity and Performance tolerances of the sensor. It is

also desirable to utilize the data obtained in periodic calibrations for

hardware trend. Considering the turnaround and reuse capabilities defined

for the Space Tug, a desirable feature is the ability to perform inplace or on-

board ground calibration without removing the equilxaent froa the vehicle.

Recommended Solution

By providing the capability to rotate the strapdown IMU to selected orientations,

full onboard calibration of the IMU is possible.

Recent develolxuents in strapdown systems include configurations which can

accomplish these functions with less complexity and cost than a fUlly gtmballed

IMU. One such configuration includes a single calibration gimbal about the

system roll axis and an additional step-index mechanism around a selected set

of instruments. These calibration mechanisms are then locked in a known

reference position prior to flight.

By extending this concept to three gimbals, full onboard calibration can be

achieved. Extension of the technology from a single to a three gimballed

system is expected to require 1.5 years of SR&T, at "an expense of $2 million.



10.3.3 Lasar Radar Rendezvous and Dockir_ Techniques

The present state of development of the ITT scanning laser radar is such

that the actual minimum radar is such that the actual minimum and maximum

range capabilities of the system do not satisfy therequirements of a

Tug rendezvous and docking sequence. The sequence requires that

acquisition, track and ranging shall occur up to a range of at least

100 miles and that, in addition, target attitude data shall be avail-

able from approximately 1000 feet to 5 feet.

In addition to this sensor problem, the capability for automatic port

recognition and relative orientation measurement has not been

demonstrated.

Recommended Solution

Rendezvous and Docking--The original ITT laser system is based upon a

GaAs laser diode. This diode is a low power device which limits the

range capability to less than i00 miles. To increase the power level

_nd hence the range Of the system, a Neodymium YAG diode should be

considered. Much greater nnwe_ _..v._I°_I° e_ ._v^_

their use is limited by thermal considerations and by reliability of

the pumping light source. Methods of cooling the higher power device

and the use of diodes as laser pumps to improve reliability should be

evaluated.

m

In order to accomplish terminal rendezvous and docking, the docking

port must be identified and three axis attitude of the target and

change vehicles relative to the port must be determined. The use of
y

multiple optical rendezvous on the target with known location and

geometry is a candidate technique. Separate range and angle readings

to each reflector are made and target attitude and range are determined

by triangulation. At short ranges, the transmitter beam can be spread

out larger than the receiver instantaneous field-of-view and only the

receiver need scan at a faster rate. A 6.1 degree instantaneous FOV

would see a projected area with a diameter of 1.75 feet at a target

range of iO00 feet, and the reflector geometry would have to be laid

_v_"*""_._,_thi_ uruer-_ of magnitude spacing.

/O-//



lu order to evaluate these problems and proposed solutions, both

analysis and simu/ation is required. An appropriate methodology for

extracting the required orientation data from the sensor information

must be developed and guidance and control laws using these data for

all phases of rendezvous and docking sequence are needed. A simulation

which incorporates sensors, realistic targets, and controlled target-

chaser relative motion including the effect of propellant dynamics will

be used to demonstrate overall system performance.

SR&T Schedule

Sensor development should be scheduled so that prototype equipment

capable of meeting system requirements is available in one year and

final version equipment in 18 months. Guidance and control low

analysis and development and simulation facility develol_nent should

be completed in one year to allow acceptance of developing sensor

hardware. System evaluation and development using this facility would

then accupy the second program year. This is an ambitious program and

could run as high as $5 million total.

1_3.4 Fuel Cell Improvements

Deficiencies

Fuel cells that are developed from Shuttle technology can be used on

the Tug, but limit the available payload that can be carried. Payload

performance improvements can be gained through additional SR&T by

reducing the fixed weight of fuel cell batteries. It isalso possible

to reduce the specific reactant consumption rate by increasing the

operating efficiency of the fuel cells. Projected lifetime of Shuttle

technology fuel cells can be improved upon.

/0 -/0.



Recommended Solutions

Fuel cell battery structure can Be lightened by making end plates out

of nonmetallicmaterial instead of metal.

Fuel cell life can be improved by finding materials that are more stable

in caustic and oxidizing environments internal to the fuel cell

batteries. This will also bring about lowered and uniform cell tem-

peratures which will result in reduced polarization losses within the

cells.

The current density within the cells should be decreasedby increasing

active surface area at the electrodes. This will decrease polarization

losses further. Concurrent with this, the cell thickness can be reduced

to conserve weight.

Parasitic power can be reduced by replacing motor-driven l_7drogen-water

separators with suitable passivewater removal mechanisms.

Additional work needs to be done to perfect an evaporative cooling

concept that is compatible with the new fuel cell battery design.

This will allow the use of pr0ductwater from the cells to help cool

the cells before this water is vented overboard.

This effort has been scoped at $3 million over one year.



Section 11

SPECIAL COST SENSITIVITIES OPTION 3

This section discu_ses a series of special cost sensitivity analyses conducted

for Option 3 as called for by the Covernment-f_nished outline and as required

by action item 54 from the First Review Heeting. The majority of these trades

can be examined in the light of their effects upon production and operations

costs since most of the variables in question affect the number of flights and

the increase or decrease in flight hardware (Tug vehicles or kick ste_es)

required to support the change in traffic. The sensitivity of program cost to

changes in schedule is a different and more complex analysis. Section 11.6

describes this analysis for Option 3.

11.1 C03T VS PAYLOAD WIGHT

variations in payload weight of _ 20% were examined for impact on number of

flights and for changes in flisht hardware required. The resulting program

cost sensitivity is shown in the following table.

OPTION 3
PAYLOAD WEIGHT

CIL%NGE

+2C_ ]

-20_,

SENSITIVITIES

I_'MBER OF, FLIGHTS

.AFLICHTS
|=i

+8

.L

HARDWARE CH_'_GE

+1'.2

-9.0

&HARDWARE

•8 Ks

AS

0 0

l,

IX3M.,ARS

_ TOTAh IN M

+12.1

/1-1



11.2 COST VS TRAFFIC PATE

Variations in traffic rate of _ 10% were examined for impact on number of

flights and for changes in flight hardware required. The resulting program

cost sensitivity is shown in the following table:

OPTION 3

TRAFFIC RATE CHA_;GE

+I0_

-xo_

iI

p_

I:

SENSITIVITIES

NUMBER OF FLIGHTS

AFLIGHTS

+33

AS

+29.7

-33 -29.7

HARDWARE CHANGE

AHARDWARE

-1

DOLLARS

AS TOT_ IN M
I

-12.2

+29.7

-bl.9

11.3 COST VS DRY WEIGHT

Variations in vehicle dry weight of ! 10S were examined for impact on number

of flights and for changes in flight hardware required. The resulting program

cost sensitivity is shown in the following table:

OPTION 3
DRY WEIGHT CHANGE

+lOS

SENSITIVITIES

i

NUMBER OF FLIGHTS

AFLIGHTS AS

+102 +91.8

-_0 -36.0

HARDWARE CHANGE

AHARDWARE

+ 7TUG

* _OKs

-1 TUG

+85.5
+30.5

I

-12.2

DOLLARS

TOTAL lq{ M
|

+2oT.8



ll.h COST VS DELETION OF EXPE_DABLES

Deletion of expendablcs was examlncd for Impact on number of flights and for

changes in flight hardware required. The resulting program cost sensitivity

in shown J_l the folloving table:

OPTION 3

DELETE

EXPENDABLES

SENSITIVITIES

_)_BER OF FLIGHTS

•AFLIGHTS
il

-8

HARDWARE CHANGE

-7.2

i

i

-4 TUG,' -48,9

DOM,_S

TOTAL I_M
i ,i

-.%.i

HJ i

11.5 COST VS. CHANGE IN ISP (I0 SEC.)

SENSITIVITIES

RU_._ER OF FLIGt_S

OPTION 3

CHANGE IN ISP

+i0 SEC

-i0 SEC

#,

•AFLIGIITS
m,

-23 •

i

+97

i

-20.7

HARDWARECHA'_GE

_dHARDWARE

0

+2 TUGS
+41 Ks

AS

0

DOLLARS

TOTAL II_Y,
i

-20.7

• i

+136.7

in . i --

//-?



ii. 6 COST VERSUS SCHEDULE

The objective of this analysis was to determine the programmatic sensitivity of

Option 3 to a two year IOC delay from December 31, 1979 to December 31, 1981,

for the Initial phase of the project and from December 31, 1983 to December 31,

1985, for the Final phase. Primary goals were to evaluate techniq,,es for reducing

the peak year funding without excessive total program and early year DDT&E cost

impact.

Cost and funding variations were quantified for variations from the baseline

schedules. Costs were estimated for variations of + one • and two years for

DDT&E and Production. Funding impacts for DDT&E and Production were identified

for the two IOC schedules. Schedule impacts on Operations costs and funding

were quantified based on the variation in the number of flights at an average

cost per flight.

For the analysis, similar to Case I exsmined for Optio n i and reported in detail

in Volume 8, Book i, Section 8, it was assumed that the ATP for the Initial phase

DDT&E was held at October 1975, as in the baseline option. Thus, an attempt was

made to trade schedule years against related cost impacts. The Initial phase

DDT&E is extended by 21 months with resulting impacts on cost. By delaying the

lOC two years, the Initial phase of the program loses 24 flights which decreases

operations costs; however, delay of the Final phase causes the initial vehicle

to fly significantly more missions in years 1984 and 1985, including 2 expendable

missions. The net result of the operations difference amounts to an increase

in operations phase costs for the total project.

DDT&E Impact

Methodology -, The methodology used to quantify the DDT&E cost impacts was the same

as that detailed in Subsection 11.6 of Book i, Volume 8. For the Initial phase,

the 31 December 1983 IOC schedule was assumed to be a reasonable schedule for a

reasonable cost. Its CDR point, 38 months after ATP was considered to be the

minimum schedule point at which dollars could not buy time. For the Final phase,

the ATP equivalent date was i June 1979 and the CDR date was _0 months after ATP

at i October 1982.
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Comparison of the two Initial schedules in terms of_ DDT&E cost impact is

summarized in Figure ll.6-1. No significance could be identified between

the two Final Schedules. The terms used in Figure ll.6-1 are defined as

Follows :

C =F +V
n n n

C = Total DDT&E Cost, comprised of both fixed and variable

n elements. At Baseline - IOC, Cn C1 = 100%.

F = Costs that are Fixed with time. At Baseline - IOC, Fn = F1 =

n 50% of Ci.

V = Costs that are variable with time. At Baseline - lOC, V n

n VI = 50% of CI.

n = Number of years variations from the baseline identified as

a subscrlpt, as follows:

n- Subscript Years from Baseline

h -2

2 -i

I Baseline = 0

3 +i

5 +2

C*=C +R
n n n

C * = Index of Maximum Cost Risked to meet develolmnent objectives.
n

C = Total expected DDT&E cost as defined above.
n

R
n

= Diminishing Risk Probability. Values represent the probability

of not meeting program objectives in terms of cost and schedule

R1 at I0C considered = .8.

Applying factors to the baseline DDT&E cost for Program Option No. 2 resulted

in two tabular sets of cost impacts shown in Figure 11.6-1. One table lists the

variation in .Expected DDT&E Cost, while the other table shows the variation in

Maximum Cost Risked to Meet Schedule.

Cost Sensitivities

The expected cost table in Figure 11.6-1 indicates that for the Initial Phase

the following conclusions might be drawn:



The development schedule could be varied by + one year with

only minimal impact on DDT&E cost (2.5 - 3.5%).

A two year extension of the development schedule would increase

DDT&E cost by 17.5%.

A two year compression of the DDT&E schedule would increase

DDT&E costs by 37.5%.

The table of maximum cost risked to meet schedule provides the basis for

another significant conclusion:

o That by extending the baseline schedule by one year, the Cm value

can be reduced from the baseline index of 1.25 to an index of 1.15.

The corresponding cost could be reduced from _238 million to

$225 million.

Combining these conclusions lead to further conclusions:

o That from a D_I'&E cost/rlsk standpoint for the Initial Phase alone,

it would be preferable to:

- Extend by one year the months between ATP and IOC, thus

_chievin_ a _wv yea_ del_y w _v_ _v,u _,_ baseline.

- Delay ATP one year, from October 1975 to October 1976.

o That the results of these actions would be:

- Only a 3.5% increase in DDT&E cost (from $190 to $196 million).

- A reduction in the maximum cost risked to meet schedule from

$238 to $225 million, or -5%.

However, these benefits would be achieved only if the relationship in time were

maintained between the two IOC dates.

Production Impact

Methocology --The methodology followed in determining production rate cost

sensitivity due to schedule adjustment was similar to that followed for DDT&E.

The impacts were quantified for variations of _ on_ year and _ two years from

the baseline schedule. Figures 11.6-2 and 11.6-3 summarize the cost methdology

and the resultant cost sensitivities for the Initial and Final phases, respectively.
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The equabion shown assumes that tile baseline cost for the bzmellzle sehedt_le Ira:,

an index of 1.0 and that the index is composed of two equ_l factors (.5 each).

One factor is that v_ich results from elements variable with time, while the

second factor represents the elements that are fixed with time. Measurement of

the schedule variation impact on the variable factor was accomplished using the

equation eleme,,t by which the new number of production months was divided by a

parabolic equation form. The fixed element cost impact was determined by the

simple equation form which divided the new number of months by the base number

of months, in addition tn the values produced by substituting the appropriate

variables, it was felt that the index should be adjusted to reflect the influence

of pl_ming the production approach for a given rate. This planning would start

prior _o proauctlon Initlatioxl, of course. The F' equation was derived to ful-

fill this function.

Cost Sensitivities

Figures 11.6-2 and 11.6-3 presents the tabulated results of applying the production

rate factor to schedule and companionate production rate variations from the base-

line for the Inltlal and Final phases, respectively. The baseline rate was

established for the Initial phase as _hat needed to have two vehicles available

a_ IOC. The production rate factor for the baseline case was computed at 1.00

and was based on a single shift operation for both the Initial and Final con-

figuraLions. The tables also present the average unit costs for the noted fleet

size required number of production units of the Vehicle Main Stage. For the

Initial conflgura_ion, extending th_ Production Schedule by 20 months would

increase Vehicle ]4aln Stage costs from $58.5 million to $78.0 million. For the

Final configurations the schedule would be compressed by i0 months from the

Baseline and this would increase Production costs of the vehicle main stage from

$120.5 million to $125.3 million. Thus, the impact of the adJus_e(l £0C dates

_,'ould l_- the sum of the _wo deltas -- $19.5 million ($78.0 - $58.5) plus

Sh. 8 million ($125.3 - $120.5), or $2h. 3 million.

Operations Impact

Methodology -- Schedule impacts on operations costs were quantified based on

variation in the number of flights at an average cost per flight. (Reference

Section 6.9 of this book and volume.3 The relative numbers of flights used

for the two year IOC program were as follows :

II-



3-Initial Number of Flights

a_ 80 81 82 ,,83 8_ 8_ , TOTAL

Baseline i0 18 20 23 12 83

2-Year IOC Delay .-- .2_ _0 _0 _0 _0 18_

A -I0 7 20 17 28 _0 102

Cost per flight - $i.0_3 lillion; A for 102 flights - $109.1 million ($197.7-$88.6)

3-Final GFY

Baseline

2-Year IOC Delay

A

22 &l &l

-- 23 2_

_1 _1 l_l _o 20

2_ 2_ 2_ e2 20

-iT -17 -18 0-22 -18 -1T -1T

Cost per flight = $0:T0_; a for 126 flights I _89. 8

TOTAL

28T

161

-126

Cost Sensitivit[

From the calculations above, the t_ year IOC delay would have the effect of

increasing the Operations cost _ $19,3 million, due to the respective costs

Per flight of the limited flights versus the Final flights.

_-Total

Baseline = 370 flights =

2-Year IOC Delay = 3_6 flights •

A -211, flights

Cost

$293.1 million

$312.M million

$ 19.3 million

//-//



12.3

SECTION 12

DOD ACQUISITION APPROACH (AFSCP 800-3)

Costs for Each Phase

12.3.1 Assumptions, Ground Rules, and Rationale

i. The Tug Vehicle Definition (Program Option 3) is the same as that for the

NASA program.

2. The cost estimates and funding projections are predicated on the AFSCP

800-3 System Acquisition Cycle, with project ATP occurring at the start of the

Validation Phase.

3. The Validation Phase costs include those for: Supporting Research and

Technology (SR&T); Concept Validation - Refined Definition - Risk Reduction;

Part I (Performance) Specifications; Contract End Item ldentification; Critical

Prototype Testing; Pro@TamPlans for the Full Scale Development (FSD) Phase;

_o_n_A_ Review - one month.

4. The Full Scale Development (FSD) Phase costs include those for: System

Design; Test Article Fabrication; Development Testing; Production Phase Planning;

Part II Design Specifications; Category I (Subsystem) and Category II (System)

Tests; PDR - Preliminary Design Review; CDR - Concept Design Review; PCA (FACI) -

First Article Configuration Inspections refined Operations Planning; Flight Soft-

ware; Facilities; AGE/GSE; Auxiliary Stage Activation; DSARC Review - one month.

5. The Production Phase costs assume that DOD procures the national fleet.

Production costs reflect the following reductions based on anticipated reductions

in change traffic due to full scale development phase accomplishments:

Structure = -5%; Avionics = -10%; Propulsion = -10%

6. The Deployment/Operations Phase costs assume the DOD top level operational

concept, and thefollowing numbers of flights:

/2- /



INITIAL FINAL TOTAL

DOD
n

ETR 28 99

Total 30 116

127

NASA
I

ETS 3_ 138

o 33
Total 3_ 171

172

205

ETR Total 62 237 299

7. The Operations Phase costs reflect an approximate 10 percent reduction in

maintenance and refurbis_ent cost due to ass_ed/lowered requirements for both

scheduled and unsche_ttled m&intenance and refurbishment. The lower requirements,

in turn, are assumed to result fr_ FSD phase acc_plishments, including use of

high reliability/long life cctponents. The FED Phase costs include: one flight

article - and two flight tests, both for the Initial Tug and for the Final Tug.

The vehicles are assumed to be refurbished and added to the operational fleet.

8. The ProductlonPhase costs include the following operational fleet sizes:

Total Required

Less: Flight Test Hardware

(Refurbished)

Net Procured

5 _ 16

-_! -2

zo

9. Funding of Production Phase costs assumes the DOD full funding policy.

10. The FSD Phasecosts include initial Operational Test and Evaluation (IOT&E)

flights (all at ETR) as follows:

/Z -?_-



INITIAL FINAL TOTAL

DOD 2 5 ?

NASA __l I__A

Total 8 i0 18

Since all these flights are with payloads, their FSD costs have been accumulated

in the following WBS accounts:

320-1 Launch Operations -_I"R

320-11 Flight Operations - NASA

320-14 Refurbishment and Maintenance - ETR

12.3.2 Costs

12.3.2.1 Methodology

Using the above assumptions, ground rules and rationale, the LEADER II Cost

Model has been used to develop D0D cost estimates for the FSD, Production and

Deployment/Operations phases. Since resource limitations precluded reprogramming

of the cost model at this time, the following costs have been calculated separ-

ately: DOD - Validation Phase; NASA - DDT&E Production and Operations Phases.

12.3.2.2 Cost Summar_

The followint Table 12.3.2.2 summarizes the costestimates by phase and by

agency.

12.3.2.3 Cost Details

The following pages present the LEADER II Cost Model printouts of detail cost

estimates for the DOD Full Scale Development Phase, Production Phase, and

Deployment/Operatlons Phase. Also included are the calculations for the DOD

Validation Phasecosts and for NASA's IOT_E and Operations. Figures 12'3.2.3.1,

12.3.2.3.2, 12.3.2.3.3, and 12.3.2.3,h.

12.4 Funding Distribution for Each Phase

Figures 12.4.1.1 and 12.4.1.2 present tabular and graphic projections of the

funding requirements for the DOD system acquisition cycle. Validation phase

funding approximates a Beta distribution (of the funding in 50 percent ofthe

scheduled time). FSD phase funding approximates a Beta distribution, while

operations phase funding has been level loaded couaensurate with the flight

IZ'5
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schedule. In accordance with DOD full funding policy, the final phase of the

program is split into two equal buys of five (5) Tugs each.

Peak year funding occurs in GFY 1980 and totals $111.9 million, of which $100.6

million is DOD funding and the remaining $11.3 million is for NASA.

12.5 Comparison of DOD and NASA Rationale for Differences

Figure 12.5.1 is a summary comparison of the estimated costs by agency by

phase. This chart shows that costs for DOD's validation + FSD phases are

$375.79 million, or $96.87 million more than those for NASA's DDT&E phase;

while DOD's production phase costs are $226.91 million, or $48.62 million less

than NASA's production costs; and DOD's operations costs are $264.19 million,

or $28.82 million less than NASA's operations costs. On a total program basis,

it is estimated that the DOD System Acquisition Cycle would result in a $19.42

million cost increase. Although DOD objectives of lower production and opera-

tional costs were achieved, the net increase in total program cost is attribut-

able to an allocation of additional funding during the FSD phase to maintain the

engineering and production capability between flight test article completion

and FSD phase DSARC review.

IZ_D--
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13

SECTION 13

COST ESTIMATING METHODOLOGY

13.1 Overall Cost Methodolo_y

13.1.1 Summary

Existing, proven analytical tools in the hands of experienced

analysts have been utilized to achieve the study objective of

reliable, consistent, well-defined and documented "should cost"

estimates and funding projections within the constraints of

budget and schedule. The ability to effectively and realistic-

ally estimate costs and funding is dependent upon three major

factors: (I) completeness and comprehensiveness of definitions_

(2) the validity of an applicable data baser and (3) the ability

to relate these two factors utilizing highly qualified estimators.

The LEADER II cost model has been used to relate the technical

and programmatic definitions, provided by other members of the

study team, to the Cost Data Base stored in the cost model and to

generate cost estimates and funding analyses in accordance with

the NASA-approved WBS. The estimates effectively correlate tech-

nical performance, schedules and costs. As a rapid, multi-faceted,

techno-economic tool for estimating costs, funding and manpower,

LEADER II has been used to measure higher-level cost and funding

impacts of lower level alternatives. Its use contributes to the

credibility, consistency and traceability of the cost estimates.

It has been used to generate the cost and funding of Space Tug

Project's total life cycle and elements thereof based on CER's

(Cost Estimating Relationships), cost factors, or direct inputs



The CER's and cost factors, which constitute the LEADER II data

base, have been developed over a seven-year period from data

quotes, and study values of function, physical, performance, sched-

ule and cost on a number of major programs. The basic data used

in the LEADER II data base were derived principally from Thor/

Delta, SIV/SIVB, Sky Lab, SOAR II, Gemini, MOL, Sortie/Lab,

Saturn/Apollo, and Titan. In addition, data specifically for the

Space Tug has been received from prospective suppliers in response

to formal Requests for Information. The cost model, as modified

to conform to the Space Tug WBS, encompasses 865 lines of data

(each for the basic equations and the variable file) and a.

cross reference matrix _of 276 lines.

As depicted in Figure 13.1.1-I, development of the CER's began

with collecting and validating applicable physical, performance

and cost data and then normalizing the data to a common baseline.

The data were then classified within homogeneous groupings. Multi-

variable regression analysis and other statistical techniques were

used to identify these parameters which best predicted costs, and

to derive the equations, or CER's, which expressed the costs as

a function of technical/performance values. The CER's were tested

and validated before being incorporated into the cost model. Each

of the steps in CER development was documented to provide a trace-

.able record from raw source data and rationale and methodology

used in the analyses, through CER development and validation.

Having adequate and valid cost data is a primary requisite for the

development of reliable CER's. As an organizational element of

/3-z 
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the Fiscal Management Subdivision, the Advance Systems Cost Analysis

team uniquely has access to historical and proprietary data Contained

in its departmental data bank. The Data Bank for many years has

actively collected, catalogued and stored pertinent techno-economic

and cost information obtained from industry, government agencies and

non-profit organizations. The Data Bank serves as a repository for

departmental and technical or performance data.

A description of the cost estimating technique for each WBS element,

as appropriate, is contained in Table 13.1.1-I

13.1.2 Assumptions, Ground Rules and Rationale

13.1.2.1 Cost estimates are in constant 1973 dollars.

13.1.2.2 Cost estimates have been developed in consonance with

the Government provided Space Tug Systems Studies Work Breakdown

Structure and Dictionary, PD-Tug-P, dated 7 May 1973, and with

clarifications/amendments thereto appearing in the following

documents: (I) Data Package, Spage Tug Systems Studies, April

1973; (2) Memorandum PD-Tug-P (020-74), dated 10 August 1973,

from PD-Tug-P/Mr. Stucker to PD-Tug-C/Mr. Orillion, subject:

Changes to the Work Breakdown Structure and Dictionary. Figure

13.1.2.2-I displays the WBS as amended.

13.1.2.3 Candidate concept costs have been estimated and are

reported at or below the WBS level shown in the Government provided

WBS Diagram and Dictionary. The costs have been estimated at the

same level of detail as the technical data, which generally has been
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one or more levels below that reported.

13.1.2.4 The cost estimates are commensurate with £he program

definitions available at this time, the relative level of study

effort, and with the understanding that the estimates are only

for preliminary planning and tradeoff study purposes.

13.1.2.5 Funding estimates are reported by Government Fiscal

Year - I July through 30 June.

13.1.2.6 The cost estimates reflect recent employment levels

(calendar 1968-1972} and a 6 percent (compounded annually) inflation

factor to derive values in terms of 1973 dollars. The estimates

also reflect reduced Project Management, Systems Engineering and

Integration, and Manufacturing costs. (Reference: Results of

HDAC Special Cost Reduction Task.) Thus, the cost estimates

effectively assume that timely award of a Phase C/D Contract_ (I)

would cause contractor employment to approach the 1968-1972 levels_

and (2) that the Phase C/D effort would achieve effective manage-

ment at reduced cost.

13.1.2.7 The cost estimates assume that all required Supporting

Research and Technology (SRT), identified separately in Sections

2.6 and 10,will be available when needed.

The cost estimates and reporting are consistent with the following

Government Action Items:

V

Reference : PD-Tu_-Pf 4 April 1973
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_o ACTION ITEM_
il

WHAT IS THE LOWEST LEVEL OF COST

RESPONSE :

REPORTING REQUIRED?

COST AND TECHNICAL DATA FOR DATA FORMS A(1), A(2), A(3)

AND B SHOULD BE REPORTED TO THE LOWEST LEVEL SHOWN ON THE

APPROVED COMMON WBS.

COST AND MANPOWERDATA FOR DATA FORM C SHOULD BE REPORTED

AT WBS LEVEL 4 EXCEPT FOR THE FOLLOWING CATEGORIES:

VEHICLE MAIN STAGE, AUXILIARY STAGE, FACILITIES, GSE,

VEHICLE TEST, LAUNCH OPERATIONS AND REFURBISHMENT AND

INTEGRATION SHOULD BE REPORTED AT WBS LEVEL 5o

5. ACTION ITEM:

_AT IS THE SHUTTLE COST PER FLIGHT?

RESPONSE:

THE SHUTTLE COST PER FLIGHT IS $I0.5M FOR THE PURPOSES OF

THESE STUDIES.

8. ACTION ITEM:

COST OF EXISTING KICK STAGES?



RESPONSE •

REQUESTS FOR THE COST OF EXISTING KICK STAGES SHOULD BE

MADE TO DICK KLAN, MSFC, 205-453-0_62. ANY MODIFICATIONS

NECESSARY FOR TUG APPLICATION OR DEVELOPMENT OF NEW KICK

STAGES SHOULD BE ESTIMATED AND REPORTED BY THE CONTRACTORS.

9. ACTION ITEMz
i ,a

_4AT YEAR DOLLARS SHOULD COSTS BE REPORTED?

RESPONSE:
,|

ALL COSTS SHOULD BE REPORTED IN CONSTANT 1973 DOLLARS.

10. ACTION ITEM:

HOW WILL COST BE HANDLED FOR LOSS OF MISSION/PAYLOAD

RESULTING FROM TUG RELIABILITY?

RESPONSEs

THE COST OF A "LOST" TUG SHOULD BE CONSIDERED IN SIZING THE

TUG FLEET. IN THE EVENT A MISSION IS ABORTED AND MUST BE

REFLOWN, THE COST OF A SECOND FLIGIIT SHOULD BE INCLUDED.

COST OF THE PAYLOADS THEMSELVES SHOULD NOT BE CONSIDERED.



11. ACTION ITEM:

USE OF COST DATA FORMATS - NASA AND USAF PHASING.

RESPONSE:

THE DATA FO_4S A(1), A(2), A(3), B AND T SHOULD BE COMMON TO

BOTH NASA AND USAF. BECAUSE OF THE DIFFERENT PHASING, IT

MAY BE NECESSARY TO COMPLETE TWO SETS OF DATA FORM C_ ONE

TO REFLECT NASA PHASING AND ONE FOR THE USAF PHASING.

12. ACTION ITEMz

WHAT LEARNING CURVE SHOULD BE USED?

RESPONSE:

A LEARNING CURVE MAY BE USED TO ESTIMATE HARDWARE QUANTITY

COSTS. THE TYPE LEARNING CURVE USED (STRAIGHT-LINE PROJECTION

OF CUMULATIVE AVERAGE COSTS OR STRAIGHT-LINE PROJECTED UNIT

COSTS) SHOULD BE NOTED AND THE PERCENT OF LEARNING SPECIFIED.



13.1.2.8 As directed by the Government, Operations cost

estimates for ground tracking, i.e., MSFN/STADAN, include the

cost of personnel required for tracking the Tug, even though these

same people may track other space vehicles at other times.

For example, if the Tug requires these people for only four

hours, the Tug project is charged for a full eight hour day.

13.1.2.9 The cost estimates assume that DDT&E and Production

essentially would be accomplished at MDAC's Huntington Beach,

California, facilities.

13.1.2.10 As directed by the Government, the cost estimates

assume that existing STE/GSE/PTE, etc., from previous programs

(e.g., SIVB) will be available for Space TUg at no cost except

for modification/upgrading costs which would be TUg pecullar

and _uld then be chargeable. The storage and maintenance

costs of existing facilities and GSE up to the time of Space

Tug use are not chargeable to the Tug Program.



13.1.2.11 The following main engine costs have been provided

by the Government and incorporated in the cost estimates-

Table 13.1.2.11-1

SPACE TUG MAIN ENGINE CANDIDATES

COSTS AND DEVELOPMEWT TIMES

1973 DOLLARS IN MILLIONS

Main Engine

Category I RL10(1)

Category IIA RLI0 (2)

With Pumped Idle

Without Pumped Idle

Category IIB RL10(1}

Category IV RLI0(1)

Aerospike (I)

Advanced Space (1}

Total First Development

DDTgF, Unit Time to

Cost Cost PFC (Mos.)

$ 13.00 $0.70

Development

Time to

F .c(Mos.

24

57..00 0.80 36 48

50.00 0.80 36 48

52.00 0.80 27 35

119.00 0.90 q8 60

140.00 1.10 43 60

154.00 1.20 54 66

Note: (1) Values provided by S. Saucier - NASA/MSFC to

C. Bonner - MDAC-W, 5 June 1973 - Documented in

Record of Discussion.

(2) Values provided by S. Saucier to C. Bonnet,

25 August 1973 - Documented in Record of

Discussion,

/7



13.1.2.12 The following vehicle auxiliary stage costs have been

provided by the Government and incorporated in the cost estimates=

1973 Dollars in Millions_

Recurring Recurring

Production Operations

Vehicle Auxiliar_ Sta_e Start-Up Unit Cost Cost/Fli_ht

Burner II

Polaris A3, Second Stage -

Basic with Guidance

Poseidon, Second Stage -

Basic with Guidance

- $ .530

$ 8.00 .270

+2.00 + .300

$10.0 $ ,355

+2.70 +4.95

$ .lqO

13.1.2.13 The costs per pound of candidate propellants have

been provided by the Government to assure consistency in the

Tug contractor trade studies. These costs have been incorporated

in the MDAC estimates.

PROPELLANT cost S/POUND

Liquid Oxygen LOX

Liquid Hydrogen LH2

Nitrogen Tetroxide N2Oq

High Density Acid HDA

Monomethyl Hydrazine MMH

Unsymetrical Dimethyl

IIydrazine UDMH

50_ N2Hq and 50_ UDMH AEROZINE-50

Hydrazine N2Hq

.013

.50

.12

.30

2.75

.55

1.00

1.85



Inhibited Red Fumming

Nitric Acid IRFNA .30

13.1.2.14 Based on its own sources, MDAC has estimated

the cost of gaseous helium at $7.86 per pound. The Government has

concurred in this value.

13.1.2.15 Launch operations cost estimates have been calculated

using the following general ground rules and assumptions:

I . That manloading per year, per shift, per site by skill

level are for direct and indirect personnel.

0 That launch site support services are equivalent to 2q_ of

personnel and are included in No. I above.

, That launch site direct and indirect personnel will perform

GSE maintenance within their regular shift activities.

0 That home plant support is equivalent to 15_ of field

location manhours (excludlng Project Management and

System Engineering).

0 That the cost of fleld site personnel is based on mid 1973

hourly rates.

, That the weighted average cost of inplant support (for No. q

above) is based on mid-1973 hourly rates.

V
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0 That Government Program/Project Management of launch oper-

ations is part of the Government's institutional base and

thus is excluded from Tug project costs•

13•1.2.16 Flight Operations cost estimates have been calculated

using the following general ground rules and assumptionsz

I •

0

That the attached manhours per fllght include field site

direct and indirect personnel.

That home plant support is equivalent to 10_ of field site

manhours. (Excluding Project Management and System Engin-

eering.)

3. That the field site manhours reflect a 97_ learnlng curve.

. That the weighted average cost of field site personnel is

based on mid-1973 hourly rates.

0 That the weighted average cost of inplant support is

based on mid-1973 hourly rates•

0 That "computer hours/flight" reflect sharing existing

computers with others, i.e., Shuttle Orbiter, Payloads•

• That the average cost of a computer hour/flight including

both machine and labor costs has been based on recent

quotations.



v

. That fligh_ support and software (WBS 32A-114, 124) is a

one time activity and its cost thus is part of DDT&E.

13.1.2.17 The cost estimates have been.calculated to be total

cost to the Governmentexcluding NASA Program Management and

Systems Support and Prime Contractor Fee on costs at System

Level q and above, in accordance with NASA direction.

13.2 Description of Estimating Philosophy

The general equation form for CER's expressing recurring costs

is shown in Figure 13.2-I. In this equation form, Y_AeX_B(F)

the "A" value is the driver which generates the specific

first unit cost by moving from the Y-intercept along a llne

(straight-line on a. log-log plot) whose slope is expressed by

the exponent "B". If the cost so calculated fairly represents

an item whose design, method of fabrication, technology and

other attendant variables are virtually the same as the data

base from whlch_the equation was derived, then the cost could

be accepted as calculated. However, this seldom is the case

and some means must be provided to adjust the calculated

cost to indeed reflect the characteristics of the item being

estimated. The "F" factor is included in the equation

to perform the adjustment function. Quantification of the

"F" factor is performed by the systems cost analyst and is

predicated uponz (1) his knowledge of the data base; (2)

his understanding of the item being estimated, achieved through

continuous communication with other members of the study team;

and (3) his professional expertise. Fortuitously, the systems

cost analysts on the Space Tug Stud 7 Team are among those
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who build the CER building blocks for the LEADER cost model.

Thus, they have all three requisites for quantification of

the "F" values.

The methodology used for calculating DDT_E costs is summarized

in Figure 13.2-2. Three baslc equation forms are used to relate

basic data to Space Tug values and generate DDT_E cost estimates

which realistically reflect the Space Tug values. The first

equation form is a "ratio to TI". As used for the Space Tug

WBS elements, this equation has meant that Engineering Design

and Development cost_is "N" times the first unit production

cost. The second equation form, Y=A*X**B(F}, is the same

as that used for first unit production cost and discussed

in the preceeding paragraph. The third equation form is a

specific dollar value which usually has been derived from

quotations submitted by prospective suppliers of assemblies

and components. Similar to the practice for-first unit

production cost estimating, the "F" factor is quantified

by the systems cost analyst to reflect Space Tug values for

specific WBS elements in terms of design rating, technology

rating and schedule risk, which are defined in Figure 13.2-3.

Ground test hardware quantities and flight test hardware

quantitites have been established at the component, assembly,

subsystem and system levels as discussed in Section 2 of

this book. --The estimated costs for ground •test hardware

and flight test hardware are the result of applying equivalent

quantity values to first unit production cost at the appro-

priate WBS levels.

I --23
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Whether the estimate is for DDT&E cost or recurring production

cost, quantification of the "F" value is the product of the cost

analyst's judgement of a number of influencing elements in

addition to those identified above. These additional elements

include: reliability, maintainability, safety, commonality,

workability/fabrication methods, DDT&E approach versus change

traffic, and knowldge of prospective suppliers' pricing

policies and cost performance - actuals versus estimates.

This latter knowledge has been paricularly useful in evaluating

the ROM quotations from propective suppliers in response to

Requests for Information on this study. Thus, the factors

applied to the suppliers quotes have varied to reflect

individual company performance, as well as the cost of sub-

contract management.

In accordance with NASA direction, the cost estimates represent

cost to the Government, except for NASA Program Management and

and System Support and Prime Contractor Fee on costs at System

Level 4 and above. Thus, the costs inolude those for the

main engine, which has been identified as GFE. Reference also

is made to Subsection 13.1.2, Assumptions, Gro_md Rules and

Rationale. _

13.3 Related Ilistorical Programs

As noted above, the related historical programs, which

constitute the data base for the LEADER II cost model, includes

Saturn SIV/SIVB, Skylab, Space Station (modular), SOAR II,

Sortie Lab, Thor/Delta, Gemini, MOL, Saturn/Apollo, and Titan.



The data base also incorporates the results of a number of

Government-funded and Industry-funded studies, and the

quotations submitted by prospective suppliers of assemblies_

components°

Table 13o3-I lists the WBS elements whose costs have been

estimated using CER's, Cost Factors, and Direct Estimates/

Other, through Component Level 7°
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Section lh

OTIIER SENSITIVITIES AS DEFINED

T_.ble 14-I pres¢.nts a suu_,ary of the results of defined sensitivity analyses

performed on Program Option No. 3_ Cost impacts shown on the summary were

determined for each analysis from. subsystem/assembly cost data and the LEADER ii

CostModel printout (contained in Section 6) as appropriate to specific trades
/

to be made. D<_;aii discussions of the rationale and results of these sensitivity

analyses are ],:resented in Volume 5, Book 3, Section 9.2.
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